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Nowhere does WESTON dependability 

and value pay bigger returns than on 

the panels or controls of electrical 

equipment. By consistently telling the 

truth, they help assure efficient 

performance of the equipment in users’ 

hands... where so much depends on 

instrument performance. Moreover, the name 
WESTON on a panel instrument gains instant 
recognition... helps build buyer acceptance for the 
products on which they are installed. Available in 
types, sizes, ranges and styles for all needs. Ask your 
nearest WESTON representative for all the facts, or 
write for bulletin A-7-B. WESTON Electrical 
Instrument Corporation, 617 Frelinghuysen Avenue, 
Newark 5, New Jersey. 


Albany « Atlanta « Boston + Buffalo « Charlotte « Chicago + Cincinnati « Cleveland « Dallas « Denver + Detroit » Houston + Jacksonville + Knoxville 
Little Rock « Los Angeles « Meriden « Minneapolis « Newark « New Orleans » New York « Orlando « Philadelphia « Phoenix « Pittsburgh « Rochester 
San Francisco « Seattle » St. Louis « Syracuse « Tulsa * Washington, D.C. « in Canada, Northern Electric Company, Ltd., Powerlite Devices, Ltd. 
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Yes, it’s true. With General Electric’s new PM-18 Oscillograph, equipped with the Polaroid- 
Land film holder, you can get finished oscillograms in less than a minute. This means cutting 
down on the time required for many laboratory projects; the nuisance of darkroom work is 
eliminated. Frequencies up to 500 cycles per second can be satisfactorily recorded with this 
new technique. 

A PORTABLE, PRECISION INSTRUMENT FOR MANY USES 

The PM-18 is a portable oscillograph completely self-contained in a streamlined case. De- 
signed to simultaneously record 2, 3, or 4 rapidly changing phenomena (depending upon the 
number of galvanometers in the instrument), it is engineered for easy operation; does not 
require a skilled operator. Voltage and current can be measured directly. Any other quantity 
which will give an electrical impulse can be measured and recorded with the use of suitable 
primary detectors. Among its many applications are determining wave shapes of current and 
voltage, determining phase relations, testing electrical equipment, and classroom demonstrat- 
ing of electrical phenomena. 

The PM-18, because of its convenience, speed, and adaptability to a variety of requirements, 
can be an important asset to many laboratories. Ask your G-E representative for details about 
this instrument. Or write for bulletin GEC-580. Apparatus Department, General Electric Co., 
Schenectady 5, N. Y. 
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MODERN FALSTROM 
CONTROL CENTER 
WITH NEW 
LIGHTING CANOPY 


PRE-FABRICATED 
FALSTROM 
PUBLIC UTILITY 
CONTROL BOARD 


Now you can look to Falstrom for 
complete service on panelboards, switch- 
boards, cubicles, instrument panels, entire con- 
trol centers and switchgear housings. Falstrom 
does considerably more than design and 
produce functional and distinctive, finished 
housings. The new Falstrom service includes 
electrical wiring, piping, procurement and in- 
stallation of instruments and other accessories 
as specified. All work performed at Falstrom 
is done by engineers and skilled technicians 
completely familiar with each phase of the 
installation. Check on this Falstrom service, 
now. Use the handy coupon below. 
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The Institute of Radio Engineers 
1950 NATIONAL CONVENTION 


Hotel Commodore and Grand Central Palace, New York, N. Y., March 6, 7, 8 and 9, 1950 
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Monday Afternoon, March 6 rransient Response of Assymmetrical Carrier Systems E. M. Will 
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- Evolution and Growth of Industrial Designing J. Vassos \NTENNAS I 
Procedure in Industrial Designing’’—C. Peterson Waveguide Applications of Artificial Metallic Dielectrics”—W. EB. K 
Cost Reduction Possibilities in Industrial Design W. B. Donnelly cts ¢ Anistropy in a Three Dimensional Array of Conducting 




































Sales Attitude towards Industrial Design E. fF Toal ’ 
” - ’ 4 a . a of Single-Surface Corr ed Guider WwW, Potman 
Symposium: NUCLEAR SCIENCE AND THE RADIO ENGINEER BE tha Crean Datriinntian, oo the’ Praia - ee Be 
News of the Nucleus Urner Liddel ed Beams in Metal Lenses 4. E. Heins 
Particle Accelerators A S. Livingston . . . ee 
Radio Frequency Problems Associated with Particle Accelerator SYSTEMS II 'RANSMISSION SYSTEMS AND RELAYS 
J. P. Blewett Signal Corps High Frequency Radio Communication Resear¢ 
letection of Nuclear Radiations J. R. Dunnin Development John exsel and H. F. Meyer 
M ary Sing ¢ nL 
\PPLICATIONS OF SEMI-CONDUCTORS Radio Rela 4. Baling 
rar reer Circuits H. J. Reich and P. M. Schulteiss Multiplex Mi« M. Levin 
Glass Germanium Diodes S. F {mic Crosstalk r Relavs Usec 
High Temperature Characteristics of Germanium Diodes L, 8S. Pelfrey Conjunction S. Fas 
Mathematical Theory and Applicat ons of Silicon Crystals for Mixing and 
Harmonic Generation at Microwave Frequencies P. D. Strum and MEASUREMENTS 
J. W. Kearney Oscillographic Presentation of Time Delay and Distortion in Broad-Bar 
Considerations in Low Noise Figure Microwave Receiver Design M. 7 FM Systems 4. R. Vallarin 
henbaum and P. D. Strum Rockets R re Instrumenta E. fk eck an F. M. Asht 
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of Speech Sounds and Some of Their Statistical Proper Direct Reading Phas ete L. H. O’N and J. I] West 
é Chang, G. EB. Pihl, and Martin Essigmann Measuring Procedure for Radiote etype Converters H. ¢ Te 
Speech Transmission Through Restricted Bandwidth Channels''—J. D 
o, W. Graham. and S. Schreiner Tuesday Afternoon, March 7 
cation of Communication Theory to Periodic Radio Systems pe ; 
4. Leifer and Wathen Marchand : ‘ . PELEVISION I rRANSMISSION SYSTEMS 
Some Aspects of Data Transmission over Narrow-Band Communicatior > KW KW 1 Television Amplifiers P. Breen 
Cirenits’—M, Brenner De I in Transmitters L, Pollack, E. Bradbur« 
Statistical Properties of Noise Applied to Radar Range Performance and J] 
S. M. Kaplan and R. W. McFall Widebar lems in Television Transmitters’ E. Bradburd 
L. Pollack 
QUALITY CONTROL rh Vidicor \ New  Photoconducting Television Pickup Tube 
elerated Life Testing of Vacuum Tubes J. Rothsteiy P. K. Weimer, 8. V. Forgue, and R. R. Goodrich 
istical Evaluation of Life Expectancy of Vacuum Tubes Designed for Industrial Television Systen R. ¢ Webb and J. M. Morgar 
ng-Life Operation E.M. McElwee 
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en B. DuMont Filters for Television Interference t i: Meahald 
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periments BE. B. Ferrell NTENNAS I 
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MeV Gerrille Finding FJ Le Ihe and F. X. Buche 
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SYSTEMS III—MODULATION SYSTEMS AND BAND-WIDTH 
REQUIREMENTS 
Balm me Phase Modulation and Demodulation’—D. B. Harris and D. O. 
i e€ oy 
“Some Novel Methods for the Generation 
D. L. Jacoby, and B. Keigher 
“A High-Capacity Matrix-Commutated Radio Telemetering 
Chisholm, E. F. Buckley, and G. W. Farnell 
‘Tec hniques for Closer Channel Spacing at VHF and Higher Frequencies” 
Cc Hobbs and W. B. Bishop 
Highiy Selective Mobile Receiver"—R. 7 Felsenheld, and 
G. W. Sellers 


INDUSTRIAL INSTRUMENTS 
Converter 


of PCM”’—N. R. Castellini, 


J.P. 


System’’- 


Adama, R. A 


Use of Image Tube for High Speed Shutter Action" 
W. Hogan 

Ultrasonic Pulse Instruments for Automatic Continuous Measurement of 
Physical Properties of Solids and Liquids"’—S. R. Rich 

Electronic Duplicator Attachments for Automatic Machine Tool Opera 
tion’ ——W Roth 

“Some Notes on 
D. L. Herr 
in Electronic 


mann ond V 


Modern Methods of Servo Synthesis’’—R. MeCoy and 


Flowmeter and its Industrial Applications’—E. Mittel 


Cushing 
Tuesday Evening, March 7 
Symposium: TELEVISION 
4 round table discussion of current television 
such items as color television and UHF allocation. The 
presided over by Mr. Donald G. Fink as moderator 
ANTENNAS III 
Radiation from Circular 
and 8S. Seet 
Radiation Patterns of Circular and Cylindrical Arrays J. E. Walsh 
Properties of Guided Waves on Inhomegeneous ( ‘ylindriec al Structures’ 
R. B. Adler 
“Seattering of Plane Electromagnetic 
Hemisphere or Hemispherical Shell” 
Diffraction by a Prolate Spheroid”—F. V 


developments, including 
session will be 


Sheets’ W. R. LePage, C. S. Roya, 


Current 


Waves by a Perfectly Conducting 
—E. Kennaugh 


Schultz 


Wednesday Morning, March 8 
TELEVISION II-—UHF AND COLOR TV 
1 1 KW UHF Television Transmitter'’—T7. M. Gluyas 
\ Supergain UHF Television Transmitting Antenna O. O. Fiet 
Design of a Hybrid Ring Diplexer for Ultra High Frequency Television 
Use’ W. H. Sayer 
Construction and Operation of azn Experimental UHF 
R. F. Guy 
Electro-Optical 
Hicks, di 
COMPUTERS I-—DIGITAL COMPUTERS 
Static Magnetic Pulse Control and Information Storage’’—An 
rhe Design of Diode Gate Circuits’ R. J. Stutz 
Marginal Checking as an Aid to Computer Reliability -N. H. Taylor 
Development of the California Digital Computer’—D. R. Brown and 
P. L. Morton 
\ New Class of Switching Tubes for 
ELECTRON TUBES I—THEORY 
Monoformer”—A. C Munster 
Type of Frequency Control Tube R. W. Slinkman 
Electrostatic Storage Tube’—S. H. Dodd, P. Youtz, and 
Klemperer 
Performance and Analysis 
Amplifier and Limiter” M. Field 
{n Experimental Electron Tube Using Space 
Electron Beam’—J. T. Wallmark 
ACTIVE CIRCUITS I[—AMPLIFIERS 
lhe Analysis and Design of a Band-Pass Distributed 
Rideout and T. P. Tung 
An Investigation of the 400-Meg 
Type SN-973B Gebuiniatare R-F 
\n Extension to Stagger-Tuned Amplifier Design J. M — 
Ultra High Gain Direet Coupled Amplifier Circuits”—W. K vienery 
\nalysis and Design of Self-Saturable Magnetic Amplifiers Ss 
BASIC CIRCUIT ELEMENTS 
Performance—Measurement of Capacitors a. 2 
Behavior of Resistors at High Frequencies’ G. R 
re and 8S. E. Church 
Inductors Calculations and 
Transformer Measurements’ 


Television Station” 


Filters for Color Television V. A. Babits and H. I 


Wang 


Digital Applications J. Katz 


AND DESIGN 


of a Tranverse Current Traveling Wave 


Charge Deflection of the 


Amplifier 


acycle Amplifier Performance 
Pentode’ N. B. Ritchey 


ohen 


Symposium 
Wilhelm 
Arthur, H. L. Krauss 
Ordung 
Their 
Performance and 


Losses R. F. Pield 
Reuben Lee 


Wednesday Afternoon, March 8 

TELEVISION IIl—RECEIVERS 
Use of Miniature Pentode RCA-6CB6 in 
quency Amplifiers’—W. E. Babcock 
Noise Suicide Circuit’ H. RB. Beste and G. D. Hulst 
Quality Rating of Television Images”—P. Mertz, A. D 
H. N. Christopher 
Television Image Reproduction by Use of Velocity Modulation Principles 

4. Honnell and M. D. Prince 

Design of Printed-Circuit Television Tuner’’—D 

ACTIVE CIRCUITS IT—GENERAL 
Frequency Modulation Interference’—L. B 
The Theory of Amplitude Modulation Rejection in the 
B. D. Leughlin 
\n Improved Method 
Grund 
Common Frequency Carrier Shift Radioteletype Converter R. R. Turner 
\ Simple @rystal Diseriminator for FM Oscillator Stabilization’’—J 
Rustor 

ELECTRON TUBES I1—THEORY 
\ New ‘Soft Structure’ for Rugged Receiving 
ance to Shock and Electron Emission"—G, W 
Hydrostatic Pressure in an Electron Gas Its 
Beam-Blectromagnetic Wave Interaction of 
High Voltage Regulation by Means of Corona Discharge 
Cylinders S. W. Lichtman 
Thyratron Grid Emission and the 


and M. R. Boyd 


High Intensity Pulse. Distributing 


Television Intermediate-Fre 


Fowler and 


Mackey and E. J. Saas 


Arguimbau 
Ratio Detector 
Aske and J 


of Frequency Conversion’ y. 


AND DESIGN 

Tubes to Improve 
Baker 
Application to Electron 

Parzen and L. Goldstein 

Between Coaxial 


Resist 


Trigger Grid Thyratron’ L. Malter 


Tube’ P; S.-@ oulo 
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COMPUTERS II—INFORMATION ANALYSIS AND COMPI 
“A Discussion Revealing Some Late Developments in Etectronics 
Computer Techniques’’—H. Zagor 
“An Electronic Storage System’’—Z. W. Harri 
“Experimental Determination of System Met} 
Correlation’’——J . Wiesner and Y. W. 
‘Measurement and Analysis of Noise in a Fire-Control 
Eisengrein 
“A Digital Electronic 


Bivans and J. VY. 
Functions by the 
ee 


Radar” 


a, B 


TRANSMISSION AND ANTENNAS 

“Surface-Wave-Transmission Lines’-—G. Goubau 

‘FM Distortion in Linear Systems having Small! Sinusoidal [rregu 
in Transfer Characteristics, with Application to Lossless Waveg 
—F. Assadourian 

“The Representation, Measurement, and Calculation of 9 a oo { 
for Slots in Rectangular Wave Guide’—J. Blass, "elsen 
Oliner, H. Kurss, and N. Marcuvitz 

“Dielectric Tube Antennas’—R. E. Beam and D. G. Harman 
Measurement of Current and Charge Distributions on Antenna 
Open-Wire Lines D. J. Angelakos 


Correlator Singleton 


Thursday Morning, March 9 
AU DIO-—TRANSDUCER DESIGN 
“Sound System Design for Reverberant 
W. H. Radford, and J. B. Wiesner 
High Efficiency Loud Speakers for Personal 
Olson, J. C. Bleazey, J. Preston, and R. A 
“A Review of Direct Radiator Loudspeakers” 
‘Loudspeaker Housings’—W. F. Mecker 
A Miniature Condenser Type Microphone’’—J. K 
ELECTRONICS IN MEDICINE 
“Effects of Intense Microwave 
Clark 
‘A Differential 
“Electronic Mapping of the 
S. Goldman 
PROPAGATION I 
QUENCIES 
Calculation of Effective Phase, Group, and Pulse Velocities of 
Propagation’—A. Fischler, G. H. Sloan, and D. Goldenberg 
‘An Atmospheric Wave Form Receiver'’—W. J. Kessler and S. E 
‘Radio Wave Propagation in a Curved Ionosphere” J. M. Kelso 


ELECTRON TUBES III—POWER TUBES 
“Development of 10 cm High Power Pulsed Klystron’ 
E 


Ginzton, I. Neilsen, and 8S. Sonkin 
Effects in Reflex Klystrons’’—V 


Auditoriums’ —L. L 


Radio Receivers" 
Hackley 
F. H. Slaymaker 


Hilliard 


Radiation on Living Organisms’ 
Vectorcardiograph”-——-S. A. Briller and N. A. Mar: 
Electrical Activity of the Heart and Braj 


PROPAGATION AT IONOSPHERIC 


—M. Chodo 


“Space Charge Westberg and 
Chodorou 

‘Recent Development in 
and J earned 

A New Super-Power Beam Triode ee 
YW. V. Hoover, and L. P. Garner 

“External Cathode Inverted Magnetron J. F 

NAVIGATION AIDS 

Analysis of Course Errors in the 
J. Wesley Leas 

‘Dynamic Aspects of Errors in Radio Navigation Systems Particularly 
Case of Fast Moving Receivers or Transmitters’—H. Busignies 

“A New Basis for Analyzing Radio Navigation and Detection Systems 
N. L. Harvey : 
‘Stochastic Processes as 
Finders’’—L. A. DeRosa 
1000 Me Crystal-controlled 


High-Power Klystron Amplifiers’—C_ Ver 


Parker, W. E. Harhba 


Hull 


VHF Omni-directional Radio Rang 


Applied to Aerial Navigation and Dire 


Airborne Transmitter’—B. Warriner 


Thursday Afternoon, March 9 
SOUND RECORDING 
Audio Systems"’-—F. L. Hopper 
in Sound Recording and Reproducng 


Symposium 
Noise Considerations in 
‘Considerations of Noise 

4.W. Friend 
Magnetic Recording Frequency 
Pitfalls’’—R. E. Zenner 
‘Distortions in Recording Systems’'—H. E. Roys 
Perceptibility of Flutter in Recorded Speech and 


PROPAGATION II-—-THE IMPACT OF 
OPERATIONAL SYSTEMS 

\ Microwave Propagation Test"-——J. Z. Millar and L. A. Byam, J? 
Diversity Reception Techniques’’—S,. H. Van Wambeck and A. H. ! 
“Experimental Evaluation of Diversity Receiving Systems’—J 

and S. H. Van Wambeck 
Comparison of Modulation 
Ionospheric Radio Cireuits'’’—M. G 
Roars 

‘Comparison of Modulation Methods for Facsimile Communication 
Ionospheric Radio Circuits M. Acker and B. Goldberg 

ELECTRON TUBES IV—MATERIALS AND TECHNIQUES 

\ Vacuum Seal Between Metals and Ceramics for High 
Applications’ H,. W. Soderstrom and K. H. McPhee 
Effect of Coating Composition of Oxide-Coated Cathodes on Elect 
Emission”—E. G. Widell and R. A. Heillar 

‘Effects of Controlled Impurities in Nickel Core Metal on 
Emission from Oxide-Coated Cathodes’—G. Hees 
Investigation of Contaminants in Vacuum Tubes’’—P. D 
Hot Strength Properties of Filamentary Alloys’’—B. Wolk 


COMPONENTS 
“‘Miniaturization Techniques: A 
and S. Danko 
“The Exponential-line 
Williams 
Universal Precision Resolves"—D. L 
- Compact Magnetic Memory’—P. I 
ynehro-Cyclotron Field Regulator’’—C. S 


OSCILLATORS 

Behavior of a Class Oscillator’—O. H. 
Mode Suppression in Broadband Reflex Klystron 
Sonnenschein and H. A. Finke 
Telemetering Blocking Oscillator’’—W 
Some Aspects of R-F Phase Control in 
David, Jr 
Seven League 


Systems 


Response-Measurement Procedures an 


Music’ H. Sche 
PROPAGATION ON 


Methods for Voice 
Crosby, H 


C ommunication 
Meyer, and 


Temepr 


Thermior 


Willian 


and Proposal’-——M. Abr 


Discussion 


Pulse Transformer’’—E. R. Schatz and EF W 
Herr 

Yorton 

McKown and W. P. Cay 


Page 
Oscillators” 


The Transient 


Todd 
Microwave Oscillators” 


Oscillator’ F. B inderson 





TAL MEETING OF THE INSTITUT! Ike TECHNICAL AND STANDING COMMITTEES 
. 2:30 A; M Mon . iy through Thursday For details see February Issue 
Sei ‘> Dr. Ralph Brown ( “DINGS of the I.R.E 


RADIO ENGINEERING SHOW HOURS SOCIAL CALENDAR 


rand Central Palace, 46th Street and Lexington venue W et together Cocktail Party 

York City Monday, March 6, 6:30-8:30 P. M, at The Hotel Commodore 
fonday, Mareh 6, 9:30 A.M. to 9 P.M President's Luncheon 
iesday, March 7, 9:: M. } Tuesday, March 7, 12:45 P.M. at The Hotel Commodor: 
Vednesday, March 8 3 } j IRE Annual Banquet 

vursday, March 9, 9:30 A M. to 6 PM Wednesday, Mareh 8, 6:45 P.M. at The Hotel Commodore 


EXHIBITORS AT THE 1950 RADIO ENGINEERING SHOW 


Firm—Booth Sigmund Cohn Cor, New York, N. Y JED Manufacturin »., Inc John F. Rider Publisher 
83 N. ¥ 217 Lr 310 
Inc., 4 ‘ollie Radio Co., Cedar Rapids, lowa a Jones Division, ¢ “inet Riesard Rimbach 
adelphia, Pa,—-35 ¥ re wp., Chicago, I) Pa 4¢ 
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Measurement and Control Problems zn Typical 
FIXED-BED CATALYTIC PROCESSES 


By A. W. HOGE, G. F. HORNADAY and C. 0. WALLS, Jr., Houdry Process Corp., Philadelphia, Pa. 


INTRODUCTION 


it may be generalized that there are three types of 

fixed-bed catalytic processes. The simplest of these is 
a process in which a single fluid, or single mixture of fluids, 
flows continuously through the reactor section. Next in com- 
plexity is an intermittent process with cyclic changes in the 
quantity and/or type of fluid flowing through an individual 
reactor but operating on a long time cycle of several hours’ 
duration. Lastly, an intermittent process on a short time 
cycle would normally be expected to be the most complex of 
the three because of the variety of flowing fluids and the 
frequent valve movements required to divert the flows. 

Often, control of the continuous or non-cyclic catalytic 
process may not differ from the control of a simple non- 
catalytic process system. However, it frequently is desirable 
to add special instrumentation to such a system for the pur- 
pose of protecting and extending the useful life of the 
catalyst. 

The intermittent or cyclic fixed-bed catalytic processes 
are generally arranged with a multiplicity of reactors so 
that, in effect, the principal flows of reactants and products 
are made continuous through a scheduled sequential opera- 
tion of the reactors. As examples of intermittent processes 
operating on long-time cycles, there are the Hydro-forming 
and Cyclo-version processes in the petroleum industry. In 
these processes it is necessary, periodically, to stop the flow 
of hydrocarbon feed through the catalyst bed and using air, 
steam, flue gas or a combination of such non-hydrocarbon 
vapors, conduct a regeneration of the catalyst to remove 
heavy hydrocarbon residues and coke and thereby restore 
catalytic activity. It is to be expected that more automatic 
controllers would be included in a system of this type than 
in the continuous system first mentioned. Illustrative of 
the short cycle, intermittent fixed-bed process is the Houdry 
Fixed-Bed catalytic cracking process. In this process it is 
necessary to regenerate the catalyst after an on-stream 
period of about ten minutes. Owing to the short cycle time, 
the frequency of valve operations and the variety of flowing 
media required in the operation, special instrumentation is 
needed in order to maintain a minimum number of men in 
the operating crew. Since by its nature a process such as 
this presents the greatest opportunity for unique and inter- 
esting instrumentation, it is intended to discuss the high- 
lights of the instrumentation in the reactor section of a 
Houdry plant. 

In the pilot and semi-commercial plant development of 
the process, the reactors were actually manually controlled. 
As process considerations became better developed, however, 
it was obvious that before the process could be commerical- 
ized, many mechanical problems had to be solved. Suitable 
mechanized valves would have to be designed and special in- 
strumentation would need to be provided before construc- 
tion of a commercial plant could even be considered. That 
the initial solution of these instrumentation problems was 
extremely successful is evidenced by the fact that the es- 
sential instrumentation of original plants remains substan- 
tially unchanged today after-as many as thirteen years of 
steady, dependable operation. This is all the more remark- 
able when it is considered that several major items of the 
plant equipment were either designed specifically for 
Houdry units, or their installation marked the first large- 
scale use of such equipment. Reduced to fundamentals, none 
of these special items was absolutely novel, but for the spe- 
cial requirements of the completely acceptable 
forms of the equipment were not available and these had to 
be developed for the commercialization of the process. 
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To name major items in this category, there is the 
timer for the completely automatic control of approxima 
35 motor-operated valves. The timers most generally 
have 900 contact points. This number of contacts pen 
successive operations at intervals as short as 144 sec 
Large size motor-operated valves for high-temperat 
service, which can withstand frequent opening and clo 
operations at relatively fast speeds, and which incorpo:at 
certain safety features, are absolutely essential. Turbo. 
compressor units that function 24 hours a day for mont 
at a time are also essential to the process and had ti 
developed to perform within the limits of the process 
quirements. 


GENERAL DESCRIPTION OF PROCESS 


To facilitate an understanding of the basic instrumenta 
tion, a few words descriptive of the process, are in ord 
The Houdry Fixed-Bed plants (Fig. 1), depending on size, 
operate at oil feed rates from 5000 to 25,000 bpsd., with co 
responding regeneration air rates from 16,000 to 60,00 
scfm. A molten salt cooling medium is circulated throug} 


Fig. 1 


the reactors at rates from 10,000 to 35,000 gpm. The rea 
tors are essentially vertical tubular heat exchangers wit! 
catalyst on the shell side. Cooling medium flows throug! 
some of the tubes while other tubes are equipped with o1 

fices in the tube walls to provide for uniform distributior 
and withdrawal of vapors in all portions of the catalyst bed 
A pipe manifold at the top and bottom of each reactor co! 

nects the reactor with the headers carrying each of the 
process streams, such as oil vapor, regeneration air, purg- 
ing steam, etc. A motor-operated valve is installed at eac! 
of these manifold connections to divert the proper strean 
to each reactor at the appropriate time (Fig. 2). 

The cyclic sequence of operation of the reactors may 
described briefly as follows: The normal total cycle time 
30 minutes. In other words, every 30 minutes the completé 
sequence of on-stream period, oil purging, regeneration 
riod and air purging is repeated on each reactor (Fig. 
Normally the on-stream and regeneration periods are t 
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minutes each and the remaining ten minutes are consumed 
in the purging operations. It is apparent, then, that three 
reactors or multiples of three reactors are required in order 
' to provide continuity of flow of the process streams. While 
>» one reactor is on stream, a second is regenerating and the 
third is being prepared for either an on-stream or regener- 










- ation period. 

Fi AUTOMATIC REGULATION OF CYCLE SEQUENCE 

‘) To regulate automatically the material that is to flow to 
-— or from a given reactor as well as the time of flow, an elec- 
» trical cycle timer is employed. Several types of electrical 
' timers, similar in principle but differing in structural ar- 





rangement, have been used on Houdry units. The type in- 
stalled most recently will be described (Fig. 4). 

At the rear of the timer dial are 900 contact points ar- 
ranged in five concentric circles of 180 contacts each (Fig. 
5). Five brushes, one for each circle, sweep the contact 
points as the timer arm rotates at constant speed. There is 
no overlap between the points, only one point being in con- 
tact with a brush at any given instant. On a 30-minute 
cycle this is equivalent to two seconds between contacts. 
+ The timer arm drive mechanism consists of a clutch and two 
+ motors so that if a motor should fail, a push or pull of the 
clutch lever will engage the spare motor and quickly restore 
' the timer operation. Each motor is also provided with a set 
' of gears which enables the cycle time to be changed from 
» 20 minutes to 60 minutes in increments of 2 minutes. Thus, 
' while one motor is driving the timer to give one revolution 
in 30 minutes, the gears may be set up on the opposite motor 
for some other length of cycle. Then the first motor may be 
lisengaged through the clutching mechanism, the second 
motor immediately engaged and the plant continued in op- 
eration on a decreased or increased time cycle. An impor- 
tant detail is the impulse counter mounted on the timer con- 
trol panel. Three digit wheels carry numbers from 1 to 900. 
The counter is geared directly to the timer arm drive mech- 
anism and is, therefore, always a true indication of the 
exact point that is in contact with a timer arm brush. 

In order to have complete flexibility in arranging any de- 
red cycle sequence, a terminal board is provided with jack 

gged jumpers from each contact of the timer dial to 
each timer operated device (Fig. 6). These jumper wires 

y be plugged in to any terminal chosen at this board 
and will then be in the circuit corresponding to the same 

tact number on the cycle timer. In this way it is possible 

nake minor revisions in the sequence of operation with- 
stopping the timer or interfering with its operation in 

’ Way. 
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Fig. 3 


The primary function of the timer is to give the electri- 
cal impulse that will energize the relay causing a 440-volt 
motor circuit to open-or close a valve in the reactor area. 
About 3 seconds after a valve operation should have been 
completed, another timer contact in the valve position test 
circuit verifies that the valve operation has been completed 
(Fig. 7). If the valve did not fully open or fully close, the 
timer will stop automatically and an alarm will sound. By 
referring to the impulse counter and sequence chart, the 
operator can readily identify the failure and correct it 
manually or, preferably by manual electrical remote con- 
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trol employing the switches and buttons located adjacent to 
the timer case. 

The test circuits are designed to prevent operations get- 
ting out of phase. For example, the oi! outlet and oil inlet 
valves on one reactor are tested open oefore the oil inlet 
and oil outlet valves of the next reactor are permitted to 
close. This prevents a complete blockage of oil flow through 
the plant. Similarly, the air valves on a given reactor must 
be tested open before the air valves of the reactor complet- 
ing regeneration are permitted to close. Otherwise, the out- 
put of the axial air compressor would be blocked with the 
possibility of damage to the compressor. Any number of 
such test circuits may be established for the purpose of 
safeguarding the system. 

The foregoing applies to the completely automatic opera- 
tion of the timer and motor-operated valves. There are cer- 
tain valves that may be operated manually even while the 
timer is in motion. However, if the manual operation of any 
valve during certain phases of automatic timer operation 
would create a hazard, these valves are electrically inter- 
locked to the system in such a way that their switches and 
push buttons are electrically inoperative. 


REGULATION OF FLOW DISTRIBUTION— 

THE MOTOR-OPERATED VALVE SYSTEM 
As previously mentioned, motor-operated valves capable 
of withstanding extreme service conditions are a prerequi- 
site to successful plant operation. These valves are 300-lb. 


Fig. 4 


(Series 30) specified for 900 F. maximum temperature and 
able to withstand an opening or closing operation every 5 
minutes. The body and bonnet are cast carbon molybdenum 
steel. They have a tee head type solid wedge disk with seat- 
ing surfaces coated with No. 6 Haynes Stellite. The seat 
rings are the renewable bottom seated type of carbon molyb- 
denum steel with seating surfaces of No. 6 Haynes Stellite. 
Valve stems are 11-13 percent chrome steel, the unthreaded 
portion being ground and polished. Brinell hardness of the 
threaded portion of the stems is specified to be 280 to 325. 
Valve sizes from 4 to 18 inches have been used. The valves 
are equipped with actuators so designed that the electric 
motor attains full speed before it starts to drive the opera- 
tor gears and thereby applies a hammer blow which aids in 
freeing the disk from the seat in the valve opening opera- 
tion (Fig. 8). A clutch and hand-wheel are provided for 
manual operation of the valve. After any manual operation, 
the hand-wheel is automatically disengaged and the motor 
is automatically engaged to the drive gears when a start- 
ing impulse is given to the motor. 

In the upper part of the actuator housing is a drum 
switch capable of making or breaking 12 circuits (Fig. 9). 
In general, only a portion of the 12 contacts is used. The 
auxiliary valve stem which is screwed into the main valve 
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stem plus two ball cams actuates the drum switch th: 
mechanical linkages. Contact with one of these cams c 
the linkages to rotate the drum switch approximat 
degrees clockwise from a neutral position. Contact wit 
other cam causes the drum switch to rotate coi 
clockwise from the neutral position. Two of the drum s 
contacts operate the red and green lights in the « 
room which indicate the valve open and closed position 
spectively. In intermediate positions of the valve t 
both the red and green lights are lighted. The valve 
be within % inch of fully-opened or fully-closed fo 
one colored light to show. Another contact serves as an « 
ing limit switch and determines the power cut-off point: 
motion of the valve in the opening direction, so thai 
motor is protected and the back seating bushing on the 
is not driven hard into its seat. Two more contacts a) 
the open test and closed test circuits of the cycle time 
a valve is not within % inch of fully-seated or fully-o; 
when tested for that position, the test circuit will be « 
actuating the relay that will stop the timer drive motor. |; 
such an event, an audible alarm sounds in the control roo; 


Fig. 5 


and the timer may not be restarted until the trouble is 
cleared. Two more contacts of the drum switch are used in 
interlock circuits by means of which improper automatic o 
improper manual electrical operation of a valve is _pre- 
vented. It is by this system of interlocked circuits, for ex- 
ample, that oi! valves and air valves can never be opened 
electrically on one reactor at the same time. The reasons fo 
such protective measures are obvious. 

The closing limit switch mounted on the side of the valve 
actuator unit is in reality a torque switch. The worn 
splined to the motor-driven shaft moves along this shaft 
compressing the torque spring as the valve disk is driven 
into its seat. The worm follower contacts the torque switcl 
arm, causing the switch to open and de-energize the m 
driver. This particular switch may be adjusted over a « 
siderable range of torque for light to heavy seating. 

In general, each reactor has nine timer-controlled motor- 
operated valves. In addition, about eight other valves 
auxiliary equipment, such as steam and water lines 
evacuation equipment, are operated by the timer. Reac 
valves open and close once every 30 minutes. Some of 
auxiliary valves are opened and closed three times every 
minutes. In addition, there are some motor-operated val 
that may be operated electrically from the control room 
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the «re not connected in any way with the cycle timer. The 


me oil inlet, main oil outlet, and oil by-pass valves are 


in is category. The actuators for these valves are gen- 


era y geared to require 60 seconds to open or close. All the 
othcr motor-operated valves in the reactor system are de- 
sig: -d for 9-second opening or closing. 

As already mentioned, the reactors are protected elec- 
trically against improper operation of a valve. As a fur- 
ther check against possible mixing of streams, the valves 
are provided with connections through which steam is ad- 
mitted to envelop the valve gate in the closed position with 
a blanket of steam. The pressure on this blocking steam 
system is maintained at least 10 pounds higher than the 
pressure on the air or oil lines to the reactor. Therefore, if 
any leakage should occur through a closed valve, it will be 
steam into air or oil and never leakage of oil into air or air 
into oil. A third and larger ball cam on the auxiliary stem 
of the motor-operated valve contacts the linkage which 
actuates the half-inch valve on the blocking steam line. As 
the motor-operated valve moves near the closed position, 
this cam contacts the linkage which opens the blocking 
steam valve. Some plants have installed a recording flow 
meter on the supply header of the blocking steam system. 


Fig. 6 


In this way a printed record indicative of the blocking 
steam requirements is obtained. An excessive steam demand 
would indicate incomplete seating of one or more valves. By 
' observing the time at which excessive blocking steam was 
required and relating it to the sequence chart, the valve 

that was not seating tightly may be located. 

TEMPERATURE REGULATION 
Temperature control in a Houdry Fixed-Bed unit does 
not present any particular problems in spite of the cyclic 
nature of the process. Indeed, no automatic temperature 
control instrumentation is used. This is possible by virtue 
if the molten salt heat transfer system which is an integral 
part of the internal design of the reactors. On a standard 
6-reactor Houdry unit, a 17,000-gpm. pump circulates mol- 
ten salt continuously through all reactors as well as auxil- 
ary heat exchange equipment. At operating temperatures 
neighborhood of 800 F. the salt has a specific gravity 
out 1.77 and a specific heat of about 0.37. Although 
plant of this size the heat liberated each hour by the 
eration of the catalyst amounts to about 100,000,000 
the heat capacity of the flowing salt is such that tem- 
ure variations are very nominal. Normally,'the maxi- 
differential between the inlet and outlet salt temper- 
on a given reactor is about 30 F. 

ing absorbed heat in passing through the reactors 


the salt returns to a reservoir tank from which the circulat- 
ing pump takes suction. The temperature of the salt in this 
tank is held constant by diverting a small portion of the 
salt pump discharge to two pieces of heat exchange equip- 
ment, a salt-steam boiler and a regeneration air preheater, 
in which the net exothermic heat from the process is ab- 
sorbed. Regulation of the temperature of the circulating 
salt (and, hence, the temperature of the entire system) is 
achieved by manually controlling the rate of salt flow to the 
salt-steam boiler. For example, if it is desired to raise the 
temperature on the reactor system, a slight adjustment in 
the closing direction on the salt valve to the boiler is made. 
A single-point temperature recorder is provided to aid the 
operators in the control of the salt temperature. This in- 
strument has an expanded scale chart, one-tenth of an inch 
on the strip chart being equivalent to 2 F. The tempera- 
ture of the salt at the circulating pump discharge is gen- 
erally held within 2 F. of specification without difficulty. 
As a matter of fact, the process is sensitive to very small 
changes in temperatures as evidenced by changes in prod- 
uct distribution and it has proved practical to specify 
changes of as little as 2 F. on the salt temperature. 
Pencil-type thermocouples are used in the catalyst bed. 
They are inserted into stainless steel protecting tubes and 
normally there are six catalyst thermocouples for each re- 
actor. These are located at various levels and various dis- 
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Fig. 7 
tances from the center of the reactors to provide an average 
record of internal temperatures. 

Air temperature regulation presents no problem since 
the flow of regeneration air through the system is essen- 
tially constant and ordinarily there is no occasion to change 
the inlet air temperature. Fresh air from the compressor 
passes through the salt-air exchanger where it is preheated 
to approximately 800 F. before entering the reactors. 

The Houdry Fixed-Bed process is capable of processing 
only vaporized feed stocks. In fact, to avoid possible 
damage, it is absolutely essential that no liquid oil ever 
reach the reactors. Protection against such a hazard is 
provided in a _ special control circuit. A thermocouple 
with indicating controller in the vapor transfer line from 
the furnace is designed to energize the circuits which will 
consecutively and automatically open the main oil by-pass 
valve around the reactors, close the main oil inlet valve, 
and sound an alarm on low oil transfer line temperature. 
The indicating controller is set to perform these operations 
at about 25 F. above the calculated dew-point of the re- 
actor charge at the flowing conditions. 


PRESSURE REGULATION 


The minimum reaction zone pressure during the cracking 
phase is determined by the back pressure of the system fol- 
lowing the reactors and normally is 8 to 10 psig. On some 
plants additional back pressure is imposed and controlled 
by a conventional back-pressure regulator on the fractiona- 
tor following the reactors. Actually, owing to change in the 
rate of the cracking reaction during a 10-minute on-stream 
period, and owing to the repressuring of the next reactor to 
come on-stream’ with synthetic cr vapors, there is a 
sed o7 
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Instrumentation Requirements for 


AIRLINE AIRCRAFT 


By R. D. KELLY, Sup’t of Technical Development, United Air Lines, Chicago, Ill. 


is the most highly instrumented those that have been counted—others 
transportation medium in exist- are utilized through-out the airplane 
ence. This has not always been true, to measure the condition of the cabin 
inasmuch as the early airplanes were heating and ventilation systems and 
equipped with but few instruments, various other functions. The Main- 
the quality of which did not compare liner Stratocruiser, the latest addition 
with those now in use. Whereas the to United’s fleet, has a still greater 
original commercial mail and passen- number of instruments. 
ger airplanes were flown with only Such a large number of instruments 
four or five instruments, a modern is a measure of the great complexity of 
United Mainliner 300 mounts 83 individ- the modern commercial transport air- 
ual instruments on its pilot’s instru- plane. Without adequate instrumenta- 
ment board. Of these 83 instruments, tion it would be absolutely impossible 
25 are dual indicators wherein two to operate a modern transport airplane 
separate pointers indicate two separate safely, on schedule, under all conditions 
conditions. It is obvious that this doub- of weather and over all terrain. No 
ling up has been necessary in order to other transportation medium depends 
conserve instrument-board space. so largely upon instrumentation. No 
other means of transportation requires 
instru. 5° Many varied and automatic controls 
1949, With matching instrumentation so it 


6 ok TRANSPORT airplane In addition to these instruments— 

















1927.—Early commercial airline instruments like these were installed in single-engined 
Boeing 40-B-4’s of the type which United Air Lines’ predecessor, Boeing Air Transport, 
used in operations between San Francisco and Chicago in 1927. Note the extreme 
simplicity of this instrument panel as compared with that of United’s latest commercial 
transports, the Douglas DC-6 and Boeing Stratocruiser 


can be maintained on a proper course, 
in a proper attitude and at a desired 
altitude under all atmospheric condj- 
tions. 

Lord Kelvin’s oft-quoted dictum that 
“to measure is to know” must be am. 
plified to bring home the fact that an 
adequate number of measurements must 
ve taken of all the various functions, 
To measure but one variable can lead 
to exceedingly false conclusions. A 
little knowledge can be a dangerous 
thing. Oftentimes the simultaneous 
measurement of two or three, or four 
or five, variables is not sufficient. This, 
I think, has been amply demonstrated 
in our aircraft. 

When instruments first began t 
be taken seriously by airplane pilot: 
and engineers, one of the chief diff- 
culties was that of impressing upor 
the pilots the fact that they must not 
rely upon any one or two instruments 
alone, but that the indications of severa 
instruments must be properly coord 
nated and integrated so as to obtair 
a good interpretation of the events 
taking place. In those early days 
almost every pilot had his favorit 
instrument. Some of them relied chiefi 
upon the airspeed indicator. Oth 
relied upon the tachometer. Still others 
preferred to concentrate attention upor 
the compass, the turn indicator or t! 
altimeter. When it was pointed out 
to them that they must read and 
terpret all of these instruments almost 
simultaneously, many of them wou 
flatly state that it was humanly 
possible. It was not unusual to fir 
pilots with considerable experience stat 
ing that “blind” or “instrument” flying 
would never be possible for more that 
very short intervals and that t! 
would never resort to it, except in ar 
emergency in an effort to get ther 
selves out of trouble. It cost mar 
lives and much hard experienc: 
demonstrate the fallacy of such thin! 
ing. 

Fortunately, a number of pilots wer 
willing and anxious to approach inst! 
ment flying from a positive standpoint 
They learned that it was possible 
fly the airplanes for long periods 
time entirely by instruments. 
mental gymnastics were found t 
be so involved as the task became 1 
routine. 

Further improvements in ir 


ments greatly simplified the task. Th 


development of the gyroscopic art 
cial horizon and gyroscopic dirt 
indicator were major steps in m: 


the job easier for the pilot and in in- 
proving accuracy. The sensitive alti 


meter, which would respond to chang 
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1928-29.—Instruments multiplied as United’s predecessor companies began flying tri-motored 
airplanes such as the Ford and Boeing 80-A. Three engines obviously required more instruments 
than one, but flight instruments actually had not advanced much by this time. 




















F in altitude of as little as five to ten 
feet, the sensitive climb indicator and 
~ more accurate tachometers, manifold 
pressure gages and other power plant 
instrumentation, greatly increased the 
security of flight. 

To visually illustrate some of this 
advancement, we have prepared a 
number of slides which will show how 
the number of instruments have _ in- 
creased in transport airplanes during 
the past twenty-five years. 
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wast 













|Ep. Note.—At this point the reader 
should examine the illustrations one by 
one: they are arranged in chrono- 
logical order. | 

I think the requirements for aircraft 
instruments have been somewhat 
unique. We have demanded reliability, 
sensitivity and accuracy, but at the 
same time have required that the units 
must be extremely light in weight, 
small in dimension and have an ability 
to withstand extreme variations in tem- 
perature, pressure, accelerations, etc. 
We have also required that they be 
rugged and capable of being serviced 
i repaired in airline shops. We have 
asked that the indications be readily 
and easily readable under both day and 
ght conditions and that there be suffi- 
ient differentiation in appearance in 

r to avoid confusion as to the func- 

being observed. 




































There was a period in the develop- 
ment of aircraft instruments when 
there was a reluctance on the part of 

instrument manufacturers to ap- 
preciate the importance of these re- 

ments, probably because in othe 
ndustrial applications there had neve 

uusly been the same stringent 
limitations upon weight and space and 
he same necessity for accuracy, reli- 
a y and ruggedness. 















1933.—In the Boeing 247, introduced into service by United Airlines in 1933, the instru- 
ment board began to take on a modern appearance. Note the thoughtful arrangement of 






the panel with engine instruments to right and left and flight instruments centered; also 






if the over-all clean design. In the 247, as in subsequent airliners, instruments multiplied 
KINg back now at the develop- as engineers provided different types with multiple functions in order to have checks and 
me which has ensued, I think that double checks in the interests of safety 
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we all marvel at the progress which 
has been achieved. Extremely high pre- 
cision movements and mechanisms have 
been developed. Accurate indications 
are obtained quite remote from the 
point of measurement. 

Pilots will now often fly for a con- 
siderable length of time without look- 


ing out of the cockpit at their engines. 
This is not an indication of careless- 
ness; it is a case of concentration and 
dependence upon the instrument equip- 
ment from which they will receive any 
warning of difficulty long before it will 
be externally visible. Flight control 
instruments are now equally depend- 


1936.—The Douglas DC-3 instrument panel looked, to the layman, to be complicated 
when this plane was introduced in 1936. Actually, increasing thought had been given to 
the utilitarian location of instruments and new devices had been added such as the auto- 
matic pilot shown in upper center of this photo and the radio control panel lower center 
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able and enjoy an equivalent conf 
by pilots. You are all familiar wit 
fact that modern aircraft fly 
initely in clouds, even under t 
lent conditions, without the pilot 
seeing anything except the instr 
board. Yet the course, the altitud 
the attitude of the airplane a) 
under precise control. With the < 
ance of the radio communicatior 
tem the pilots know exactly wher 
are and are able to report accura 
on the progress of the flight at all t 

So far in this discussion nothin 
been said about recording instruments. 
We have not made use of many record. 
ing instruments in our aircraft except 
for flight test work. It is my pred 
that recording instruments will 
greater application in aircraft as ti 
goes on. I am sure that efficiency can 
be improved greatly by having prop¢ 
records of every flight. At present we 
depend primarily upon the logs main. 
tained by the flight crews. These are 
fairly adequate, but are time-consum- 
ing and never report complete simul- 
taneous recording of all functions. 

Size, weight and cost have 
principal deterrents to the more general 
use of recording instruments. It is my 
hope that the instrument industry will 
see fit to put greater emphasis upon 
the reduction in size and weight and 
expense of recording equipment so that 
it can be more generally available for 
aircraft usage. Space and weight ar 
at a premium in a modern airplane. 

Full automatic flight has 
achieved in tests and is surely an even- 
tual goal. Even now the automati 
pilots perform a major amount 
routine control of the airplane. 
same basic sensing elements which ar 
employed for direct instrument. indi- 
cations are used in the automatic con 
trol devices. Gradually but surely, th 
burden upon the human element 
being lessened, and precision and safet) 
are being improved. 

Many of the refinements in instru 
ment design which were first required 
for aircraft are now being utilized 
many other applications. Aircraft in- 
dustry engineers are gratified to leart 
that these design improvements can bé 
than in an airplane 
we have made a 


been 


beer 


used elsewhere 
We feel that thereby 
contribution to the measurement 
control problems of every industry 
thereby promoting the achievement 0! 
better economies and _ efficiencies 
The air transport industry toda) 
owes much to the ingenuity and thi 
achievements of the instrument manu 
facturers. No modern airplane could 
flown without proper instrumenta 
tion. At the same time, we would not 
have you believe that the ultimate 
been In many respects 
transportation is only in its infa 
To the horizons 
higher speed, greater comfort 
safety, and greater economies and 
ciencies, we will be requiring still n 
precise and effective mechanisms. 
shall look to the instrument indu 
for continued assistance and we bel 
the eventual benefits will be mutué 


and 


be 
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Boeir 
reached. ie 


achieve broader 


instruments, having four engines as against the DC-3’s two, 
but again careful thought toward their location was displayed. 
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1949.—-The (above) and the 
Boe ing 


(right) mark the latest 
rline instrumentation. Both of these new- 
types of airliner are pressurized; both are 
ned to fly at 1 


000 or even 
0 mph. or more. 


20,000 feet 
As against the four or 
struments carried in the Boeing 40, 
United’s Mainliner 300 (DC-6) mounts 83 in- 
diy 


ial instruments. Capt. R. L. “Rube” Wag- 
holding mike) ‘ 


hive 


ae 


‘instructs’? United’s Num- 
1e Pilot Capt. Harry Huking. Each has 
vell over 20,000 hours of flying. 
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Design of a Chemical Process for Instrumentatio1 


By C. W. HILLS, Shawinigan Chemicals Ltd., Shawinigan Falls, Quebec 


UCCESSFUL instrumentation of 
Say chemical process depends on 

many factors, but primarily the use 
of automatic-control mechanisms re- 
quires the incorporation of certain 
characteristics into the design of chemi- 
cal processes to permit the application 
of modern methods. The designer must 
be constantly aware of the factors that 
contribute to the satisfactory opera- 
tion of process instrumentation and pro- 
vide these conditions by the proper 
design and selection of equipment. 

Let us assume that we have a so- 
called “typical chemical process” re- 
quiring equipment to provide for an 
exothermic catalytic reaction, between 
an organic vapor and a gas, to give a 
condensable product and a spent cyclic 
gas stream. 

THE PROCESS 

The fundamental units of the proc- 
ess may be listed as follows: 

(a) Catalytic reactor 

(b) Circulating system for the gas 

(c) Vaporizer for the organic liquid 

(d) Product condenser 

The operating conditions of the proc- 
are such that the reaction tem- 
perature must be in the neighborhood 
of 200 C., and the pressure. approxi- 
mately 10 psig. 

The ratio of gas to organic vapor 
is a critical factor and must be main- 
tained within narrow limits. 

Furthermore, the reaction rate 
readily susceptible to slight changes in 
temperature and moderately influenced 


ess 


is 


* Presented at ISA Regional Meeting, Toronto, 
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by variations in pressure. 

To maintain these conditions the fol- 
lowing auxiliary process equipment 
must be added: 

(e) Cycle gas preheater 

(f) Heat-removal system for cata- 

lytic reactor 

This completed system can be illus- 
trated by a simplified flow sheet. (Fig. 
1). The problem of the design engineer 
is to provide these component parts of 
the system so that they accomplish 
the desired results, with a minimum 
of operating labor and supervision. His 
chief aim is to make the system en- 
tirely automatic and safe. 

MAJOR PROCESS CONTROLS 

Since the major control problems 
will be connected with the catalytic 
reactor, cycle gas preheater, and vapor- 
izer, these items will be considered in 
the order of their relative importance 
Catalytic Reactor 

Preliminary investigations have indi- 
cated that the most satisfactory type 
of reactor is a tubular type with cata- 
lyst in the tubes and a heat removing 
medium in the shell. 

If the dimensions of the reactor are 
suitable for high shell pressures, the 
heat of reaction may be removed by the 
evaporation of water. If the reactor is 
ef sufficient size to make the use of 
high shell pressure impractical, some 
other method of heat removal must be 
employed. 

In this “typical chemical process” 
we have chosen a reactor that must 
use a low pressure system to remove 
the heat of reaction. On the basis of 


L R.C 
Preumatic Ser 


COOLANT 


. 


Concensting Medasn) 
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instrument application, two sy 
can be adapted with equal satisfa 
These systems consist of eith« 
circulation of a suitable oil, o 
vaporization of an organic liquid 
a satisfactory boiling range. 

minor alterations the same contr: 
tem can be utilized for either m: 
Therefore let us assume that th: 
ter method of liquid vaporizatio: 
been selected. 

In this case the shell of the re: 
is maintained at a constant temper 
by the boiling point of the o 
liquid at the operating pressure. 
is removed by the vaporization o! 
liquid. If a closed system is de 


the vaporized liquid must be conden 


and returned to the reactor shell 
conditions that maintain the 


tain a fixed temperature of th« 


cycle gas from the reactor and thereby 


control the rate of reaction at th 
sired value. 


A control system to accomplish thes: 


results is indicated in Fig. 2 and 
be briefly described as follows: 


The output from a temperature con- 
troller, actuated by the temperature 
of the outlet gas from the reactor, sets 
the control point of a level controller, 
maintaining the height of the condens- 


des 
operating pressure. The rate of hea: 
removal is ultimately regulated to main- 


re¢ 


exit 


Q 


Ca? 


ing medium in the shell of the react 


coolant condenser, and thereby control- 


ling the rate of heat removal. 


In order to provide for wide fluctue- 
reaction rate, an addition: 
refinement has been added to increas 
of the control chi 


tions in 


the effectiveness 
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Fig. 2. Reactor Control System 
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risties of the level instrument. This 
liary system consists of an adjust- 







back-pressure regulator on the 
-off for the condensing medium on 
shell side of the reactor coolant 


condenser. 
1e effect of this pressure regulator 


be Cle is to vary the available temperature 
the diverence across the tubes of the con- 

f ser and permit the use of a level 
falling within a satisfactory operating 

V range of the level controller, regardless 
of the desired rate of heat removal. 

ecnod With some sacrifice in control char- 
sat acteristies, other combinations of in- 
- struments may be used that would 
eliminate one or possibly two of the 

units involved in this control system. 

r However, no attempt will be made to 
ani elaborate on these alternatives and we 





Heat © will proceed to the next item mentioned 
major process controls. 








utilizing this method of control in haz- 
ardous locations may offset the normal 
control advantages. Therefore let us 
consider a case where an electrical ex- 
plosion-proof installation is preferable. 

Under these conditions, a variable 
heat input must be supplied depending 
on the process demand. If variations in 
cycle gas temperature were not critical, 
this could be easily done by manually 
introducing different banks of electrical 
heaters. However, the requirements of 
this “typical chemical process” origi- 
nally state that the reaction rate 
readily susceptible to slight changes in 
temperature, therefore a proportional 
variation of heat input is essential. In- 
strumentation to accomplish this con- 
trol of electrical heat input is shown 
diagrammatically in Fig. 3 and may be 
described as follows: 


1S 


A potentiometric type instrument, 















































simplest and most satisfactory methods 
of introducing this vaporized liquid 
into the gas stream is by the use of a 
standard calandria type installation, 
using steam as the heating medium. 

This type of vaporizer is indicated 
in Fig. 4 and the control system to 
maintain a constant ratio between the 
vapor and cycle gas flow utilizes a flow- 
ratio controller actuated by flow- 
measuring elements in both the vapor 
and gas streams. 

The size of these flow elements may 
be chosen to provide the average operat- 
ing conditions for an instrument ratio 
setting of 1-to-1 and then a change in 
the instrument control point will usually 
provide the required operating latitude 
for all rates of production. Several 
control arrangements are possible for 
the flow-ratio controller but the one 
illustrated uses the calandria steam as 
the manipulated variable to alter the 























ee Cycle Gas Preheater actuated by the temperature of a ther- : \ hich j } 
de Depending on the process, its location, ™ocouple located in the outlet gas ri ry eriabl flow which 1s the con- 
psire id the prevailing facilities, various Stream from the heat exchanger of the ‘TOUC@ Variable. 
heat methods of preheating the cycle gas, C¢Y¢le gas preheater, positions a slide- Additional control instruments can 
mair prior to its entrance into the reactor wire contact, or similar mechanism, be utilized to maintain the level in the 
exit are normally available. regulating a direct-current supply to Vaporizer and provide for a controlled 
ere The operating requirements of this the grid of a thyratron tube circuit. rate of residue withdrawal from the 
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ntrol- ' input may be accomplished by an oil oad. a mercury switch operating relays that 
3 yas burner or by electrical energy. give an initial alarm and eventually 
ctuee Oil or gas burners offer a simple Vaporizer open the blower motor circuit if the 
Fons means of introducing a controlled heat The next major process control prob- imlet pressure to the reactor exceeds 
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che process demand. However, in many in- of vaporization of the organic liquid reaction rate, 
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rate is a pyrometric instrument measur- 
ing the temperature difference between 
the catalyst “hot-spot” and the inlet 
gas stream. In cases where this tem- 
perature difference varies as the rate 
of reaction, limit points can be selected 
to progressively give an alarm and open 
circuits on the preheater elements and 
cycle gas blower, before a “run-away” 
reaction develops. 

Heat input into the preheater may 
he cut out by instruments that are 
actuated by a low boiler level or a high 
boiler pressure. 


INSTRUMENT INSTALLATION 

Alarm signals may be conveniently 
used to signify that a cycle gas blower 
has stopped, make-up gas pressure is 
low, condenser water is too cold, or any 
other indication that will aid the ope- 
rator to correct any situation that im- 
pairs or endangers the proper function- 
ing of the process. 
Now that the control instruments for 


By NORMAN H. JASPER, Mechanical Engineer, David Taylor Model Basin, Navy Department, Washington, D. (. 


HIS ARTICLE is written from 
the viewpoint of the field test 
engineer who deals with problems 
in vibration, dynamic strength and 
shock. The experience of the author 
has been almost exclusively limited to 
naval ships and equipment. 
Instrumentation in itself is a highly 
specialized science, in which the appli- 
cations to shock, vibration and strength 
problems play a limited part. The in- 
struments and equipment 
are tools to the engineer who will use 
them in an attempt to obtain desired 
information, and just as a mechanic 


associated 


uses the proper tool for each job so 
the engineer must use instrumenta- 
tion which will best fit the conditions 
ith which he has to deal. 


It is a weakness of specialization 
that specialists become engrossed in 
their particular problems and tend to 
ese the perspective so necessary fo} 


Instrument designers 
are not to such an attitud 
We must that the purpose 
instrumentation is to provide a 
information and 
accuracy of this 
with 


consistent 


cesign. 
Immune 
remember 


balanced 


obtaining 
detail and 
must be 


means of 
that the 


nformation 


the scope of the investigation and with 
the size of the pocketbook. 

Factors which must be considered 
n any test are (a) service facilities 
available at the test site, (b) time 

s « refle WR 














this “typical chemical process” have 
been designated, provisions should be 
made for their satisfactory installation. 

If the process is to be housed in a 
new building, the location of a central 
control room can be chosen and incor- 
porated into the original lay-out of the 
plant. Let us suppose that this particu- 
lar process is to be placed in an exist- 
ing building. Furthermore, as is usually 
the case, the proposed installation does 
not provide a readily-accessible area 
for a central control room. 

Under these conditions the most 
satisfactory installation will probably 
involve the use of transmitting and re- 
ceiving instruments with the latter lo- 
cated in the central control area. 

In this way pneumatic or electric 
transmission lines can be readily run 
to a remote location and the receiving 
instrument can be chosen to act as an 
indicator, recorder, or controller with 
any or all of the standard instrument 
characteristics. 


Instrumentation Problems of the 
Vibration Field Test Engineer 








available for test preparations, (c) 
control over test conditions, (d) avail- 
able test personnel, and (e) the avail- 
ability of funds. These factors are pres- 
ent, to some extent at least, in every 
problem. If the investigation is not 
limited to any appreciable extent by 
these considerations, then instrumen- 
tation may profitably be as extensive 
and refined as desired. In almost every 
case, however, some limitations exist 
and, for the great majority of field 
tests, all of these limiting factors must 
be taken into careful consideration. 
It may be stated, in general, that 
tests conducted on shore establishments 
are more amenable to controlled condi- 


tions than those conducted aboard 
ship. The test engineer has a multi- 
tude of factors to take into account. 


Let us consider a shipboard test. The 
problem itself may not be specifically 


defined at the time that the engineer 
leaves his base. The test may require 
certain weather conditions. The pro- 
gram may have to be fitted into the 
operating schedule of the vessel. The 


ship’s officers may have to be convinced 
cf the desirability of certain tests; 
cooperation must be obtained from the 
personnel concerned and a number of 

mino2 must be attended to. 
Having decided what information is 
tc be obtained and how it is to be 
i, the engineer must choose the 


details 


obtained, 
proper instrumentation. If these various 
decisions have to be made aboard ship 
it is that the instruments 
taken for the test be flexible in appli- 
cation and simple in operation. The 
should be dependable in 


necessary 
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The use of transmitters and rec y; 
not only simplifies the problems , ¢ jp. 
strumentation but in many case. thy 
process piping can be kept to a ainj. 
mum when the long runs to a ce ittra 
eontrol room are not necessary. 

After the pneumatic instru) ient; 
have been properly installed, one fing 
provision must be made to contribi te ¢, 
their satisfactory operation. Clea) dr 













e ° P n 
air at a suitable pressure is essentig| 
This air may be supplied by individua| z 
compressor units, but in general a cep. ic 
tral compressor station is more depend. t} 
able. Elaborate precautions against aj; he 
supply failure justify their incorpora. th 





tion into any supply system upon whic} 
the operation of pneumatic contro! jn. 
struments depends. The result of a po 










source of instrument air is usually hig} ro 
instrument maintenance costs and poi a 
process operation, which has, in som me 
cases, led to erroneous conclusions con. ‘i 
cerning the benefits of modern instru. 






mentation. 































sh 
an 
t 
operation and should maintain th: pe 
calibration over reasonably long periods in 
of time. po 
It is important to remember that t! col 
opportunity for obtaining the require to! 
data, once it has passed, may not recu ar’ 
In this connection I might point out th: su 
desirability of using direct-recording 
instruments which permit visual ir sh 
spection of the records as they a: na 
obtained. Using such a recorder w co! 
spare one the embarrassing experien ly 
of developing a roll of records ar shi 
obtaining a complete blank. At th pli 
same time such a method will permit ace 
rapid rough evaluation of the data & 10 
which may be necessary in order t ma 
determine any additional runs t B cy) 
made. It is not advisable, in many fi the 


tests, to install instrumentation w! 
requires specialists for installation E ph 
operation, or which necessitates spe 
arrangements for power supply o1 
processing. 

I should like to stress the 
for designing sufficient ruggedness 
the equipment to enable it to withsta: 
the handling it will receive in 
ment or aboard ship. It is not ordina: ne 
feasible to send a man along w 
shipment of equipment; the pl 
“delicate instrument,” do not 
mand much attention. Delicate la 
tory instruments are not 
field tests. I wish to make it cle 
this point that precision instrument: 
are desirable, but if they are to be 
in the field they must be designe: 
field conditions. 

On occasion it is necessary to i! 
instruments in locations 


nec 


etc., 


suitabk 


remote 

















LIT 
tra 
ent 
nna! 1 
te ti a 
& 
dr kg 
1 % 
. “aa 
Tia! ay 
" A 
dua! 


ae 





ve riods 


at t! 


quire 








inaccessible to ordinary power sup- 
es. In such cases it is advantageous 
have instruments which are inde- 
ndent of power supplies, perhaps me- 
:nieally-actuated or battery-oper- 
d. 
One might suppose that it would be 
sirable to obtain as much data as 
possible in a given test. This is not 
necessarily true, as one might be over- 
whelmed by the mass of data obtained 
and valuable time would probably be 
iost in extracting the data pertinent to 
the problem. In general it would be 
better to obtain the data necessary for 
the solution of the problem and be sure 
of their reliability. This might be the 
time to note the desirability of devel- 
oping instruments which will give an 


index of the characteristics that we 
wish to determine. For example, we 
may be interested in the bending 


strains of the hull in a seaway. If one 
knew the number of times certain 
strain amplitudes were exceeded that 
might be considered as an index of the 
stressing of the ship even though the 
complete strain-time history of the hull 
girder is not known. Or if we knew the 
number of times the ends of the ship 
were subjected to given peak values of 
acceleration, we would have another 
such index. One might derive an index 
of the effective value of mechanical 
shock applied to a structure; for ex- 
ample we might let this index be equal 
to the work imparted to the structure 


in a given fraction of the natural 
period of the structure, that is, the 
index would have the dimensions of 


power. It is not always necessary or 
convenient to have the entire time his- 
tory of the motion of a structure if we 
are interested only in the effects of 
such motions or in statistical analyses. 
Absolute accuracy of vibration and 
shock measurements is not usually of 
paramount importance since the test 
conditions themselves are not accurate- 
ly controllable. I would say that. on 
shipboard tests, measurements of am- 
plitude, velocity and accelerations are 
acceptable if they are accurate within 
10 per cent of their true value. Even 
maintenance of such accuracy is diffi- 
ilt if instruments do not maintain 
their calibration, when instruments are 
xposed to salty moisture-laden atmos- 
pheres, to variations in temperature, 
spray and the like. 

hough we are trying to measure 
bration and shock data, we occa- 
ally find that the recording and 
plifying equipment will not operate 
factorily when subjected to such 
ition and shock. This 
sitates special design of vibration- 
ting or of shock mountings. Such 


iutions are trying, and, I believe, 


be unnecessary. The equipment 

be designed to operate properly 
subjected to field conditions. Data 
ed by instrument manufacturers 
i include a statement of the range 
equencies and corresponding 
ition which the equipment 


ac- 
ovel 


perate properly. 
us now consider the frequency 
characteristics 


desirable for 


Y 
nsSé 


shortcoming 


shipboard measurements. The great 
majority of difficulties due to vibration, 
and perhaps shock also, are caused by 
resonance between the frequency of an 
exciting force and the natural fre- 
quency of some particular structure. 
The exciting forces aboard ship are of 
propeller-blade frequency or are due 
to unbalance of rotating machinery. 
The top frequencies we are interested 
in are determined by the exciting fre- 
quencies encounterd aboard ship and 
by the natural frequencies of shipboard 
structures, whichever is lower. 

Shipboard tests show that the na- 
tural frequencies of structures are 
below 100 cps. in about 95 percent of 
the items investigated. The frequencies 
of the exciting forces are below about 
130 cps., considering that the highest 
shipboard turbine rpm. is about 7500 
rpm. However, turbines are generally 
well balanced and therefore will not 
affect the hull structure or structures 
located away from the immediate vi- 
cinity of the turbine. The most wide.y 
felt exciting force is of propeller-shaft 
or propeller-blade frequency and this 
frequency is below 30 cps. for displace- 
ment type of vessels. 

Frequencies of practical interest are 
therefore limited to a maximum of 100 
cps. and even in this range the fre- 
quency band up to 30 cps. predominates 
because it is this lower range that 
most objectionable resonances occur. 

Accelerometers used on shipboard 
vibration tests should have kind 
of filter arrangement in order to re- 
move undesirable higher frequency re- 
which tends to the 


some 


sponse confuse 
record. 

Displacement pick-ups for shipboard 
should have a low frequency 


use re- 


sponse; if possible, be reasonably flat 
from 1 cps. up. The lower limit re- 
quirement makes for a heavy instru- 
ment. For this reason it is often more 
practicable to use a suitable acceler- 
ometer for measuring these lower fre- 
quencies. The dry friction at bearings, 
recording pens, etc. should be kept to 
a minimum. This is very important, 
since at low frequencies and low am- 
plitudes large deviations from the the- 
oretical response may result from dis- 
sipation of the available energy in dry 
friction. Flexure-plate hinges are to be 
preferred over pivot bearings. The 
foregoing remarks also apply to ve- 
locity pick-ups; this type of pick-up 
usually has a higher natural frequency 
than the available low-frequency 
vibrographs. 

I believe that some of the most reli- 
able vibration measuring instruments 
today are still the Geiger type and the 
pallograph type vibrographs. Of the 
more recent good instruments I should 
like to mention the Consolidated Type 


do 


1-102 velocity pick-up which is espe- 
cially applicable when used with an 
integrator and with the direct-inking 
Brush Magnetic Oscillograph. The 


Askania vibrograph is a convenient re- 
cording hand instrument. The General 
Radio crystal accelerometer used with 
double integration together with the 
Brush direct-inking recorder is a good 
combination of limited use; however 
the stability of the over-all calibration 
needs refinement. 

It is hoped that this article has been 
able to impress on the reader the prob- 
lems that the man in the field has to 
deal with and perhaps this will help 
the reader when designing or acquiring 
for field 


instruments use, 


Instrumentation Course in Connecticut 


HARTFORD, Conn.—tThe | first 
course in industrial 
to be offered by a New 


other than a college or 


instrumentation 
England school 
university has 


use and maintain the devices on which 
industry depends for accuracy of 
measurement in products, humidity 
control and other factors. Instruments 





en authorized at the CRL School of 
Electronics, Hartford. Authorized by 
the Connecticut State Board of Fdu 
cation the course is being patterned 
after those offered at MIT, Massachu- 
setts State College and Rhode Island 
State. The objective is to teach elec- 
tronics students at CRL School how to 


being studied include tl whic 
operate mechanically, pneumatically, 
electrically or electronically Johr 
Alden Settle, formerly of the research 
and devel pment division of Monsante 
Chemical Co., Springfield, Mass.. an M 
E. graduate of St. Louis University, 
teaching the new course. 
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Some Considerations zn the Application of Instrumen:s 


to the PULP and PAPER INDUSTRY 


By R. M. BROWN, Instrumentation Engineer, Stadler, Hurter & Co., Montreal, Quebec. 


ULP for paper or for chemical 

purposes may be made from any 

material which is high in cellu- 
lose fibre content and which is ecnomi- 
cal to use. In Canada it is wood. We 
have been said to have the “spruce 
psychology” because spruce trees are 
plentiful and contain a high percent- 
age of cellulose fibres; and because 
means have been developed for pulping 
the wood at not too high a cost. In 
India, bamboo is used as the raw ma- 
terial; in Australia and South America 
the eucalyptus tree; and in the South- 
ern United States the southern pine. 


Pulp may also be made from rags, 
straw, sugar cane and many other 
materials. 

To understand the problem facing 
the instrumentation engineer, it is 


first necessary to know something of 
the process .Although not as complex as 
some of the oil and chemical processes, 
it nevertheless has its own peculiar 
problems. As a fellow engineer put it, 
it would be ideal if it were possible to 
cut down a tree and, without the bother 
of trimming or barking it, feed it into 
a huge machine that would engorge it, 


birds’ nests and all, digest it and 
spew forth, through a multitude of 
outlets, numerous products and _ by- 


products. While such a dream in a 
modified form may come true in years 
to come, the manufacture of pulp and 
paper will remain, for an _ indefinite 
period, a multiple-operation process. 
Let us review the various operations 
briefly as they concern the manufac- 
ture of wood pulp in this country. 
Wood (and this applies to practically 
all vegetable materials used as sources 
of pulp) consists of cellulose fibres ce- 
mented together by an amorphous com- 
pound called lignin of which chemists 
know little; it contains sugars, 
some fats and various gums. The ob- 
ject in the pulping process is to obtain 
the cellulose fibres. These fibres give 


also 


strength to paper made from such 
pulp and these fibres, too, are the 
source of cellulose in pulp used for 


chemical purposes. There are two com- 
mon methods to obtain these fibres: 
(1) the mechanical process in which 
the fibres are torn free mechanically 
and (2) the chemical process in which 
the fibres are separated from the lig- 
nin by dissolving the lignin. 

Fig. 1 outlines the first method, the 
mechanical pulping in which 
the fibres are separated from one an- 
by the action of a huge grind- 
stone. The fibres thus produced contain 
not only the cellulose fibres, but all the 


process 
othe 
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lignins too. Such pulp is commonly 
called groundwood. Its greatest use is 
in the manufacture of newsprint which 
contains approximately 85 percent 
groundwood. 

The principal stages in the process 
are shown in Fig. 1. Logs from wood 
storage are fed to huge grinders and 
pressure exerted on them to force them 
against the revolving stone. The stone 
must be cooled by means of a water 
spray and the rate of pulp production 
varies with the temperature: the 


WOOD STORAGE 


mowre waren | 
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Fig. 1. Flow diagram of mechanical 


pulping process. 


higher the temperature, within limits, 
the greater the production. Other water 
dilute the pulp, which then 
goes to coarse screens and fine screens, 
by which the unground fibres, slivers, 
etc.. are removed. The accepted stock 
may go to a wet machine in which the 
stock passes over a rotating cylindri- 
cal sereen and on which a sheet is 
formed, after which the sheet passes 
through an oversize wringer or press 
which squeezes out most of the water. 
The pulp sheet is cut off in lengths; 
folded or lapped, then stored or shipped. 
If the pulp is to be used in the same 
mill it goes to a thickener (again a ro- 


showers 


tating cylindrical screen) which re- 
moves only part of the water. The 
thickened stock then goes to one or 


more storage chests and from these to 
various refining and mixing processes. 

In the chemical process, the fibres of 
cellulose are separated from the lig- 
nins by cooking the wood at high tem- 
peratures in either strong acid or al- 
kali, depending on the particuar meth- 
od employed. Fig. 2 shows, as before, 
the principal steps in the process. In 
this process, the wood is first reduced 
to chips about three-quarters of an 
inch in length and fed to huge pressure 


vessels called digesters. The coo 
liquor is then pumped in and, 
the proper quantities of chips 


liquor have been placed in them, 

are then sealed. The liquor is 

heated either by injecting steam 
rectly into the liquor in the dig« 
or, if the liquor is circulated, into 
circulating line. If the digeste: 
equipped with an external heater, 
liquor is heated by circulating 


through this external heat exchang: 


with liquor on one side, steam on 
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Fig. 2. Flow diagram of chemical pulp- 


ing process. 


other. The temperature of the mass is 
brought up according to a time schedu!l 
and the pressure of the digester is als 


maintained at the correct value ¢ 


responding to the temperature by aut 


} 


matically-controlled pressure-re 


OT- 


valves. After the mass of liquor and 


chips has been cooked the proper len 
of time the pulp is “blown” to blow 1 


or tanks. It may be washed by diffusi: 


Par 
é 


right 
which it is screened, or it may be 
to a coarse screen called a knotter 
remove the uncooked chips, pieces 


in these same blow pits, af 


digester lining which may have spal! 


oth 
gt 


sit 


f 
sen 


ed 


knots. etc. It is then washed to removs 
the cooking liquor and sent to the fin 
screens. As in the case of mechanica 


pulp, it may go to wet machines and 
stored as pulp laps or shipped. It n 
go through a bleaching prox 
and be dried and sold as bleached p 
or it may be used without bleac! 
in combination with mechanical | 
as in the manufacture of newsp! 
The spent cooking liquor which 
been washed out of the pulp may g 
a recovery which recove 
large part of the chemicals for re- 
as in the case of the alkaline pro 


also 


process 


a 
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id a new acid process, or it may go to 
by-products plant if from the cal- 
im bisulphite process. In the major- 

of cases, the liquor from the last- 

,med process goes down the sewer to 

lost forever. 

The foregoing descriptions of the 

weesses have been highly condensed; 
the processes are much more detailed 
and complex than the outlines indicate. 

It will be seen that there are tem- 
peratures and pressures to be con- 
trolled, flows of chemicals to be metered 
and controlled, levels in storage tanks 
to be indicated and recorded, pH values 
to be maintained—in short, that there 
is a big job of instrumentation to be 
done. 

An engineer applying instruments 
to a process works from a flow sheet 
of the process. On this drawing or 
drawings is shown the equipment used, 
the flow of stock, chemicals, water and 
steam. Quantities, consistencies, pres- 
sures, temperatures and pH values are 
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Fig. 3. Temperature-viscosity curve for 
sulphur. (Data from International Critical 
Tables. ) 


shown. Pipe sizes may be given. Before 
any job gets very far along, certain 
standards are established which 
permissible velocities, steam and water 
materials of construction, 
ete. The engineer starts off with a lot 
nformation before him which simpli- 
fies his job considerably. It is now up 
him to apply the control instruments 
vhich will make the process behave as 
hould, to provide recorders and 
licators which will guide the opera- 
and furnish information for cost 
sunting and other purposes. As in 
ry industry, the end product is the 
main consideration—enough must be 
duced, meeting the standards of 
lity set to show a profit on the 
tal invested. Instrumentation. 
efore, is not the end in itself, but 
a means to an end. 
is not the purpose of this article 
discuss instrument applications in 
ail.* Rather it is intended 


covel 


pressures, 


to discuss 





yetails have been covered i series 
es which appeared in Pulp and Ta 
zine of Canada, reprints of papers w 
presented at a special course ’ nstru 
ition for engineers in the pulp nd paper 
try in May 1948 





the subject along broader lines; to 
point out certain factors which must 
receive consideration. 

Since liquor preparation is one of 
the first steps in the process, that makes 
a good starting point. Whatever the 
nature of the cooking liquor, there is a 
chemical process to deal with, and the 
instrumentation is applied as it is to 
any other chemical process. In the sul- 
phite process the acid is prepared by 
first obtaining SO. from burning sul- 
phur, then having this gas react with 
limestone in the presence of water, or 
with milk of lime, to form calcium bi- 
sulphate acid. Usually the sulphur is 
melted before being fed to the burner 
and its temperature must be controlled 
carefully. The viscosity of sulphur de- 
creases as its temperature increases, 
up to a certain point, and then it in- 
creases. If the temperature varies 
either way too much, the flow of sul- 
phur is retarded. This temperature- 
viscosity relationship is shown in Fig. 


Fig. 4. One type of molten 


sulphur valve. sleeve. 


The usual operating temperature is 
about 280 F. 

In the suphur burner itself, the level 
must be maintained constant in order 
to have a uniform area of sulphw 
exposed at all times and so keep the 
production of sulphur vapor constant. 
This applies to the rotary type burner 
used in most mills. In some mills, the 
sulphur burner is of the spray type in 
which there is no pool of sulphur main- 


tained. In the former, the level is 
measured by means of a bubble pipe 
level recorder controller, which oper- 
ates a valve in the molten sulphur 


line. It would appear logical to use a 
controller with a wide proportional 
band to maintain a constant level, yet 
to do so may result in the valve 
ing in one position merely because it 
doesn’t move enough. It is better to uss 
a narrow proportional band and allow 
the controller to hunt a little. The con- 
tinual movement of the plug effectively 
prevents any freeze-up. Still another 
method of overcoming the trouble is in 
the use of special valves. One such 
valve is illustrated in Fig. 4. This valve 
is mounted 
and the temperature is high enough to 
prevent solidification of 
valve. 


freez 


in the combustion chambe) 
sulphur in the 
The pH of the acid produced in the 
acid plant is very low, from 0.2 to 3.0 
It is highly corrosive and consideration 
must be given to the protection of all 
instruments used either in its 
tion or its use. Type 316 stainless steel 


produc- 


has been found to resist corrosion 
remarkably well and all the temper- 
ature bulb sockets, gage elements, dry 
type manometers and differential pres- 
sure transmitters are usually specified 
to be of this material. On the two latter 
types of instruments, that is, the dry 
type manometers and the differential 
pressure transmitters, it is common 
practice to use water purges for ad- 
ditional protection, although these may 
be of the intermittent type. Water used 
for purge purposes must be carefully 
filtered to ensure absence of scale or 
dirt, otherwise trouble may occur. 

In the sulphate process, using liquor 
composed of sodium sulphate and vari- 
other sodium and sulphur com- 
pounds in solution, all of which are 
highly caustic, the corrosion problem is 
also present, though not as serious as 
in the sulphite process. Usually, mild 
steel will withstand corrosion for the 
caustic liquor although stainless is to 
be preferred. Above 250 F., stainless 


ous 
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Typical digester thermometer socket and 
steel is affected and nickel should be 
used, 

There is little need to dwell on the 
actual cooking process. As was men- 


tioned, the mass of chips and liquor is 
cooked under presssure at high temper- 
atures according to time schedules. 
Many good systems are available for 
both the sulphite and sulphate 


cesses. 


pro- 


One problem which measuring tem- 
peratures within the digester 
that of adequate mechanical protection 
to the temperature-sensitive elements. 
In the digesters, during the cooking 
period, there are terrific surges of the 


poses Is 


mass of pulp and any ordinary socket 
would be bent and broken in no time 
at all. To avoid this, the sockets used 
are made of rugged castings of stain- 
less steel as shown in Fig. 5. These 
sockets are usually supplied the 
mills. 

After the pulp is cooked and blown 
into the blow pits or blow tanks, it is 
then diluted with weak liquor or water 
and a mixture of pulp fibres and wate 
results, which is called stock. The na- 
ture of the stock, irrespective of the 
method used in producing it, is cer- 


onsidera- 


tainly one that requires the 
tion of the engineer. 
Stock, to short 


repeat, Consists 


fibres of cellulose, or fibres of cellulose 


and 


woody matter in water or some 
aqueous solution. Should these fibres 
settle out and dry, they form a solid 
mass which is sometimes extremely 
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difficult to All as flow control valves but a knowledge 
of their flow characteristics is essential 
for proper sizing. 

Fig. 7 shows the flow characteristics 
of a 6-inch Saunders valve that is typi- 
cal of all such valves. Note that the 
flow increases rapidly as the valve 
opening increases until about 50 or 60 
percent opening is reached, after which 
further valve opening causes only a 
small increase in flow. For control pur- 
poses, that portion of the curve below 
50 percent should be used. It is recom- 
mended that normal flow be taken at 
35 to 40 percent of valve opening. 
Charts for sizing these valves are 
y available and an example of valve siz- 
ing may be of value. 


remove. equipment 


through which stock passes should pre- 
surfaces to 


sent smooth the stock 
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Pim es ae x: 

SH Fig. 8 shows a table of valve con- 
a “= . . 

: QS stants for various sizes of valve. Actu- 


ally, these are valve coefficients, or the 
quantity of water which a valve will 
pass at the various degrees of open- 
ing with a constant pressure drop of 
one pound per square inch. To use 
these figures for other liquids and other 
pressure drops, a formula is used: 
K=(Qx VSp.G.)/VP, 
in which K is a constant, Q is quantity 





Fig. 6. Diaphragm-motor-operated Saun- 
ders Patent valve with positioner. (Adapted 


from Conoflow Corp. drawing.) 


in U.S. gallons per minute, and / 
pressure drop. 
Assume Q=1000 


900 + 


US. P= 


gpm., 
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characteristics of Hills 
(Figs. 7, 8, and 


Flow 
McCanna Saunders valves. 
9 from data supplied by Hills-McCanna Co. 


Fig. 
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and this applies to flow-measuring 









































devices and control valves as well. paca 2a / eae 
. . . { Qa .) 

It is for this reason that character- Ml 

ized plug type valves are not used 

on stock lines. Instead, such valves as 1 |] 

the popular Saunders Patent Valve, || 

the butterfly valve, the gate valve and ——— |) 

various types of rotary plug valves are 

used. Since the last two are used pri- 

marily for on-off services, I think we pe ecsmaia: Og, 

may neglect them, but I should like to 7 Bye | 

deal with both the Saunders Patent y | 

Valve and the butterfly valve. 





An air-operated Saunders valve is 
illustrated in Fig. 6. Note that it con- 
sists essentially of a streamlined cast- 
ing against which a rubber diaphragm 
the shut-off position. Such 
have been used in various in- 
dustries on lines carrying. slurries. 
Tight shut-off is possible even if fairly 
large size particles remain on the ridge 
of the valve body, by reason of the 
elastic nature of the rubber diaphragm. 
The valve bodies may be obtained in a 
wide range of materials and in addition 
may be rubber lined, lithcoted, glass- 
lined, etc. These valves are often used 


closes in 


valves 








Fig. 10. Cylinder-operated Saunders valve 
with positioner. (Adapted from Conoflow 
Corp. drawing.) 
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psi. and the specific gravity as 1. By 
substitution, a value of 447 is derived 
for K. Since we wish to operate ou! 
valve at 35 percent opening, we ru 
down the 35 percent column until w 
reach a value of K close to the one ob- 
tained. By referring to the valve siz 
on the left-hand side, we see that a ‘ 
inch valve is required. 

It is obvious, of course, that dia- 
phragm-motor tops cannot be used for 
valves over 4 inches in size, owing 
the limited stem travel of the 
works. For large valves, up to 12 inches 
(the maximum size in Saunders valve) 
air-operated cylinders may be used 
Valve positioners may be used in bot! 
types of operations and are a decid 
advantage, particularly if the line pres- 
sure is high. The force exerted on th 
diaphragm due to line presssuré 
large valves is considerable and 
pressures up to 60 psig. may be 
quired to ensure tight closing. Of 
these valves are loaded with air p 
sure of a definite value to hold tl 
in a given position and a valve p 
tioner will cause the valve to keep t 
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osition regardless of variations in 

ne pressure. Fig. 10 illustrates a cylin- 

er-operated valve equipped with a 

»sitioner. 

Saunders type valves are not com- 
monly available in sizes larger than 
i2 inches and often valves larger than 
that are required. Butterfly valves are 
available in a wide range of sizes and 
may be used on stock or dilution water 
lines if certain considerations are ful- 
filled. It must be remembered that but- 
terfly valves are limited in the pressure 
drop which may be used across them 
and usually this is a maximum of 50 
psi. In most cases, the pressure drops 
are considerably less, in the order of 
a few pounds or a few feet. Sizing of 
butterfly valves presents certain diffi- 
culties, largely because of the fact that 
the manufacturers of these valves have 
not made a practice of issuing capacity 
charts, valve slide rules or other sizing 
information. Again, where capacity 
charts are available, the sizes obtained 
for equal flows and equal pressure drops 
in different makes do not agree. This 





Fig. 11. Cross-sections of typical butter- 
fly valves: (a) Vane closed at 12.5 degrees 
from vertical; (b) Vane closed at vertical 
position. 


travel limited to this 60 degrees by 
means of limit adjusting screws. 

It may be mentioned here that 
another make of butterfly valve has 
the vane set at 12% degrees from the 
vertical at the fully-closed position and 
the angular movement of 60 degrees is 
measured from that position to give 
the final vane position as 7214 degrees 
from the vertical. It may be this differ- 
ence in starting position that accounts 




































































of these valves should follow’ the 
methods used in sizing V-port valves. 
Given a maximum flow of 1000 gpm., 
for example, it would be usual practice 
to size the valve for some higher fig- 
ure to avoid working the valve full- 
open at maximum flow rates and also 
to allow some excess capacity. An in- 
crease of 40 to 50 percent is not too 
great. In a V-port valve, at our flow 
of 1000 gpm., the valve should operate 
about 85 percent open. Similarly, in a 
butterfly valve, the vane would be at 
a position about 45-50 percent open, 
which would place the flow on a good 
portion of the flow characteristic curve. 
The flow curve for one make of butter- 
fly valve is shown in Fig. 13. 

Both Saunders and butterfly valves 
may be used on stock lines or white 
water lines. White water is the name 
given to the water drained off the 
stock and contains a very small per- 
centage of fibres, from about 0.01 to 
0.08 percent or even less if the filters 
and washers are of the latest type. 
Owing to this extremely low fibre con- 


seems odd, considering the essential for the difference obtained in sizing tent, V-port valves may be used on 
similarity of the various makes of this valves for equal flow characteristics. white water lines for the regulation of 
100 
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Governor Co.) 


type of valve. It would appear neces- 
sary, and it is recommended, that valve 
sizes be checked by the supplier. How- 
ever, certain limitations about butter- 
fly valves should be known to an engi- 
neer using such valves. In Fig. 11 is 
shown a typical butterfly valve. The 
solid lines of the vane indicate the 
position of the vane in the closed posi- 


tion, the dotted lines the position of 


the vane in the position recommended 
for full opening when the valve is used 


for control purposes. The angle between 
} 


closed and open positions is 60 degrees. 


angular movement is_ restricted 
reason of torque requirements. 

ig. 12 shows torque versus angu- 
ty. The torque, or power required 
turn the vane, increases to a maxi- 
n at 72 to 75 degrees of opening, 
| then decreases rapidly. It has been 
id that control suffers if the valve is 


The 


nitted to operate in a region of 
rsed torque, so, to avoid this, the 
imum vane movement is limited 


) degrees. Butterfly valves supplied 
ontrol purposes will have the vane 








characteristics of Fisher butterfly valves. (Courtesy Fisher 


(From 


Since butterfly valves are said to have 
equal percentage flow characteristics, 
it would appear logical that the sizing 


« 
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a 
8 
es 


14. Rotameter used on stock flows. 


(Courtesy Fischer & Porter Co.) 
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Fig. 13. Flow characteristics of butterfly valve. 


data by Continental Equipment Co.) 
stock consistency which I will touch on 
later. V-port valves are also used on 
chemical lines although in some cases 
rubber-lined Saunders valves may 
preferred. I will not discuss V-port 
valves as their characteristics are well 
known. 

Although I have spoken of flow con- 
trol in stock lines, I have not mentioned 
flow measurement. Here again, one 
must give consideration to the nature 
of the stock. The primary flow devices 
must not tend to cause pulp fibres to 
accumulate. For this reason, the 
centric orifice plate cannot be used to 
meter this mixture of pulp and wate) 
or slush it often termed. 
They can be used to meter white water. 
On stock lines a segmental orifice may 


he 


con- 


stock as is 


he used, open at the bottom. Venturi 
tubes may also be used, and are to lhe 
preferred by reason of their stream 
line construction. Water purges are 
used with these meters. In some case 


n which different types of stock are t« 


he 


proportioned to one another, rati 
control systems have been used witl 
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rotameters as the primary device. These 
are illustrated in Fig. 14. Note that as 
far as possible pockets in which stock 
may accumulate have been eliminated. 

Other types of primary measuring 
devices are the so-called stock meters, 
one of which is shown in Fig. 15. In 
these, as may be seen, the stock wheel 
is divided into pockets, each one de- 
livering a certain quantity of stock. By 
adjusting the speed at which the wheel 
turns, the flow of stock may be regu- 
lated. These stock meters are used to 
control the rate of stock feed to bleach 
plants, pulp washers, proportioning 
systems, etc. 

Another property of the stock which 
must be considered is its consistency. 
By air-dry consistency is meant the 
percentage by weight of air-dry fibre 
in a mixture of fibre and water. Three 
percent consistency refers to stock con- 
taining 3 pounds of air-dry fibre in 100 


on a differential air-operated level re- 
corder controller. As the consistency 
varies, the friction loss varies and the 
differential level also varies. The con- 
treller operates a valve in the dilution 
water line to add more or less water to 
the stock and return the level and con- 
sistency to the controlled valve. 

Other systems of measuring and con- 
trolling high consistencies are used, but 
these are all fairly well known and 
need not be discussed. 

The measurement and control of low 
consistencies is equally important and 
deserves consideration. In the range of 
consistencies below 1.5 percent, advan- 
tage cannot be taken of any consistency 
versus friction loss relationship. In fact, 
at certain low consistencies and flow 
rates, the friction loss may be less than 
that of clear water. Advantage is 
taken of another property, which may 
be called rate-of-drainage. If a sample 


These devices are in use in many m |s 
and have proved very satisfactory j; 
applied properly and used correctly 

One point should be noted when ¢ 
sidering low-consistency control, ( 
that is that the freeness of the stick 
should be relatively constant. Freen:ss 
of stock is a property of stock alm. st 
as much as specific gravity is of liquids, 
although there is no relation betwen 
the two. Freeness may also be defied 
as rate of drainage of water from 
stock, but this varies with different 
types of stock. Stock of one type of 
pulp at a given consistency may have 
one “freeness” or rate of drainage 
Stock of another kind of pulp at the 
same consistency may have an entirely 
different freeness. Freeness is always 
measured at one consistency and at 
a standard temperature, since the vis- 
cosity of water changes with temper- 
ature; and it varies with changes in 
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Fig. 15. Sherbrooke Machineries Ltd, stock meter with Dezurik 


consistency regulator. 


varies widely from part of the 
plant to another, or even in the same 
pipe line. Stock may be screened best at 
one consistency, for example; it goes to 
the washers at another consistency 
and to the drying machines at another. 
In the bleaching of pulp we have low- 
consistency stages and high-consistency 
stages, more commonly called low- and 
high-density stages. The terms “low” 
and “high” here are used in a relative 
sense, both being in the high-consis- 
tency range. In ordinary mill parlance, 
low-consistency stock is that below 1.5 
percent and high-consistency that above 
1.5 percent. 


one 


The measurement and control of 
high-consistency stocks ranging from 


1.5 to 6 percent is routine procedure 
in aH mills and several good control 
systems are available for this purpose. 
They all work on essentially the same 
basic principles although details of 
design may differ. In measuring and 
controlling high consistency, advantage 
is taken of a relationship between fric- 
tion loss and consistency, although this 
relationship is not linear. Fig. 16 shows 
a popular type of consistency controller 
illustrating the use of this relationship. 
The stock enters at the left-hand end, 
flows over a constant-head weir and 
along the flume to the outlet at the 
right-hand end. The difference in level 
between two fixed points is measured 
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Fig. 16. Brammer consistency regulator. 


(Courtesy Paper & 


Industrial Appliances Co.) ; 


on a screen, the water in the stock 
drains through, leaving the fibres as a 
mat on the screen. If the stock were of 
a higher consistency, the mat formed 
would be thicker and the water would 
drain off more slowly. It is apparent, 
then, that the rate of drainage varies 
with the fibre content or consistency. 
Fig. 17 illustrates how use is made of 
this relationship in practice. In this 
unit or sampling device, a sample of 
the stock, approximately 75 gpm. flows 
from a constant head box to the unit. 
In this unit a cylindrical screen ro- 
tates at a constant rate and, as it ro- 
tates, the water from the stock drains 
through it. If the consistency remains 
constant, the water drains through the 
screen at a constant rate and the level 
in the pond back of the screen remains 
constant. Should the consistency vary, 
the rate of drainage varies and the level 
in the pond varies. The variations in 
level represent changes in consistency 
and can be measured and used to oper- 
ate a valve in the dilution water line 
or a valve in the stock line, depending 
on the particular control set-up used. 


mechanical treatment, etc. If the fre 
ness varies widely, then measurement 
of consistency by the rate-of-drainag« 
method becomes meaningless. Freeness 
of chemical pulp is relatively constant 


but that of mechanical pulp is not 
The control of low consistencies 
chemical pulp is much more easily 


-On- 
con 


accomplished than control of low 
sistencies of mechanical pulp. 
So far, consideration has been given 
only to the nature of the stock as it 
affects valving, flow measurement and 


consistency control. Mention might be 


made of the measurement of levels in 
stock chests or tanks. Here the bubble 
pipe level recorder holds its own and It 
is standard equipment not only on 
chests, or chests vented to atmospher* 
but on flumes, flow boxes, head boxes 
Parshall flumes, etc. The diaphragn 





type of gage is seldom, if ever, used; 


rubber-diaphragm typ 
not the new metal-diaphragm 
transmitters. Bubble-pipe level g 
have their limitations; they cann 
used with any degree of satisfactior 
stocks having consistencies greate! 


that is, the 
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percent. As we increase consistency, 
ere is less and less free water and 
e air merely tends to channel up 
rough the stock, giving false records. 
, using bubble pipes in measuring 
ock levels, one trouble which often 
curs is that of pulp fibres adhering 
the inside of the bubble pipe. Over 
period of time, enough fibres may 
eumulate to block the bubble pipe 
mpletely. To avoid this trouble, it is 
common practice to bring a small water 
line to the top of the bubble pipe and 
to have a small amount of water trickle 
down the inside of the pipe to keep it 
wet and wash down the fibres. A few 
\ notches in the open end of the 
bubble pipe help to give better records 
by causing small bubbles to be released 
more frequently. A recommended set-up 
is shown in Fig. 19. 

Pulp stock, after being washed and 
screened, may be used without further 
hemical treatment if so desired, that 
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_) SELF-CLEANED BY 
WHITE-WATER BACKWASH 


Askania low-range consistency 


is apparent that instrumentation is 
required and must be considered. 

Chlorination has been mentioned and 
most mills bring in the chlorine from a 
chemical company who delivers it in 
tank cars by rail or water. The unload- 
ing of chlorine involves some instru- 
mentation and many precautionary 
measures. The first requirement is clean 
dry air for unloading the cars into 
the mill storage tanks; and by dry 
air is meant air with a dew point down 
to about —20 F. An air drier of the 
silica gel type or activated alumina of 
sufficient capacity is used after an air 
compressor which is used for no other 
purpose. Definitely, the mill air supply 
must not be used as there is always the 
possibility of chlorine getting back 
into the mill air lines with attendant 
danger to the users of mill air and to 
the lines. 

Fig. 20 shows a method of unloading 












sound at a point just below maximum 
safe level so that the operator may 
switch over from one tank to another 


when filling. A gamma-ray type of 
level indicator has been brought out 


recently and it would appear to have 
definite applications. 


Storage tanks must be fitted with 
proper relief valves and two relief 
lines per tank are recommended with 


the hand valves in these lines geared 
together, so that should one valve be 
closed, the other would open. Frangible 
diaphragms or safety heads are used, 
set for 50 psig. These are to protect 
the relief valves from corrosion due to 
chlorine fumes. A pressure gage in 
each line between the safety head and 
the relief valve is installed to indicate 
if the safety head diaphragm has 
failed through corrosion. 

The metering of chlorine flow pre- 
sents a problem. A few weeks ago, the 








recommended by one of the chlorine writer would have stated that flow 
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is, as unbleached pulp, but is usually 
subjected to further mechanical treat- 
ment. If it is to be bleached to improve 
and/or to remove certain 
constituents which are undesirable in 
the end uses of the pulp, it goes through 
several stages of bleaching. In this 
country, little, if any, groundwood is 
bleached, but bleaching of chemical 
pulp, either sulphite or sulphate, is very 
common. The bleaching process usually 
consists of a chlorination stage, in 
which the coloring matter may be oxi- 
dized and rendered colorless, or soluble 
water; a caustic extraction stage in 
which other colored compounds are re- 
ed, a hypochlorite bleaching stage 

and often a final stage in which sulphur 
dioxide is used to prevent reversion of 
r. There are many variations of the 
going. In some bleach plants, ad- 
onal stages of caustic cooking may 
idded to remove the beta and gamma 
which are often undesirable 
tituents in the end product. It is 
md the scope of this article to 
iss bleaching operations further 
this sketchy outline but again it 


tne color 


llose 


suppliers. Note the air compressor, 
after-cooler, air receiver and air drier. 
Air pressure is used to force the chlor- 
ine into the storage tanks to prevent 
flashing of the chlorine into vapor as 
the level in the tank car drops. Since 
it is desirable to unload at as high a 
without causing the 
ball check or excess-velocity valve in 
the tank car to shut, a rotameter is 
installed in the line to measure the rate 
which is set by the manually-operated 
valve. When the car is unloaded and 
air begins to come through, the float 
in the rotameter drops and causes a 
contact to be made, energizing a three- 
way solenoid valve in the air line to 
a diaphragm shut-otf valve. The valve 
closes and shuts the line. At the same 
time a bell or other alarm could be 
operated to warn the operator so that 
he might shut off the hand valve. A 
check valve prevents reverse flow in 
case of air pressure failure. A_ sight 
glass gives visual indication of whether 
or not chlorine is in the line. 
Level alarms required on 
storage tanks they 


rate as possible 


the 
are set to 


are 
and 


measurement was easier to accomplish 
accurately in the liquid phase. At that 
time both the suppliers of chlorine and 
one of the instrument companies sup- 
plying rotameters strongly recom- 
mended metering in the liquid phase. 
Now the meter company seems to be 
reversing its position. Field work 


would indicate that metering in the 
liquid phase presents certain difficulties, 
and it would now appear that they 
prefer to measure flow in the gas 


phase. A prominent bleach plant con- 
sultant has stated that he too prefers 
metering in the gas phase. It may be 
that recommendations will be 
forthcoming on this important phase 
of metering. 

Sodium hydroxide, or caustic 
tank cars at a 
percent. It is 


some 


soda, 
is also brought in in 
nominal density of 50 
heated by means of a steam supply 
connected to coils in the tank car and 
pumped to the storage tanks, which are 


also heated. Before being used in the 
process, it is diluted to the required 
density. Whereas formerly the dilute 


caustic solutions were made up in 
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batches, it is quite common practice 
in the new mills to do this on a con- 
tinuous basis. 

The continuous systems may operate 
on a volumetric ratio proportioning 
system, or may operate on a basis of 
the specific gravity of the final dilute 





solution. Although there are several 
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Fig. 19. Typical bubble-pipe installations: 
(a) In open chest; (b) In closed chest 


vented to atmosphere. 


methods of measuring and controlling 
the specific gravity, the one illustrated 
in Fig. 21 is typical of what may be 
done. In this particular set-up, the 
flow of filtered water is controlled from 
a level controller in the dilute caustic 
tank in accordance with process use. 
The strong caustic is added just ahead 
of the mixing chamber. An orifice or 
check valve in the line to the tank 
produces a differential pressure and a 
sample of the mixture flows through 
a density-measuring device. The float 
moves up or down the density 
changes, causing changes in the output 
recorder-controlle1 


as 


air pressure to a 
which, in turn, controls the valve in 
the caustic line. The arrangement of 


lines to and from the sampling devices 
tends to eliminate any errors due to 
velocity effects. Temperature is not 
compensated for, but any errors due 
to temperature changes within wide 
limits are negligible and may be neg- 
lected. 

Flows of caustic solutions and bleach 
liquor solutions are commonly measured 
by rotameters. Dilute caustic presents 
no special problems, but bleach liquor 
did for a time. Now, however, proper 
design and protection of the rotameters 
accurate trouble-free metering. 

Since rotameters operate with 
a constant head on them, it is common 
practice to constant level boxes 
ahead of rotameters. Such an installa- 
tion is shown in Fig. 22. 

In many mills the rotameters are 
mounted the instrument panels. 
Personally, the writer prefers not to 
have any chemical lines whatever enter- 
ing the panel and his practice has been 
to use transmitting rotameters mounted 

the head with totalizing 
recorders mounted on the panel. The 
flows of chemicals to the solution may 
be adjusted automatically or the valves 
may be set remotely by air loading to 
the correct setting. 

Although only instrument applica- 
tions in the pulp mill have been con- 
sidered, any remarks concerning stock 
flow consistency control apply 


rive 


best 


use 


on 


ie low boxes 


give 


and 
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equally well to the paper mill. In the 
paper mill the processing of the stock 
is largely mechanical. There are refin- 
ing operations which are designed to 
alter the physical characteristics of the 
pulp fibres to give the qualities desired; 
there are further dirt-removal stages; 
there are the stages of blending, color 
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Fig. 20. Chlorine car unloading instru- 
mentation. (Based on Hooker Chemical Co. 
recommendations. ) 


addition, etc. The stock is then sent 
to the paper machine where the sheet 
is formed and dried by passing over 
‘numerous steam-heated cylinders. There 
are as many systems of drier control 
as there are paper mills, almost, and 











running at full load, could carry 
whole system. Also, as an additi: 
precaution, the mill air supply co 
be tied in to be used in case of a bri 
down of the instrument air comp 
sors. Usually, the combustion cont 
instruments and equipment in 
boiler house have their own compress. 
In many mills, with two or more boil 
one boiler may have all its auxilia: 


such as induced- and forced-draft fans. 


feed-water pumps, etc., operated 
steam turbines, so that in case of « 


trical power failure, this partic 
boiler will still be able to gens 
steam. It would seem logical, thoug} 


expensive initially, to have the bo 
house instrument air compressor 
powered by a steam turbine, and 
has been done. 

Instrument air piping must be « 
sidered but this involves no 
considerations other than making 
air headers large enough and _ using 
tubing capable of resisting 
where encountered. 

As regards panels, these 
separate consideration for each job, i: 
fact, for each department in the n 
The term “Packaged Unit” is used ofter 
with reference to control systems, but 
this is something of a misnomer. Th« 
framework and cabinet may conforn 
to certain dimensional standards, but 
the layouts are rarely alike. There is, 
however, a definite trend toward cabin 


specia 


corros 


requir 





it is unnecessary to discuss these as panels and toward light colors as op- 
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information is readily available. 

It may be well to touch briefly on 
instrument air supply systems. Instru- 
ment suppliers specify clean dry air at 
a certain pressure and that’s about all 
the information they give one about 
the air supply. The matter of instru- 
ment air is of prime importance. The 
compressor should be of substantial 
construction designed for heavy service. 
It should be provided with an after- 
cooler and an air receiver. For regular 
air drier of the silica gel 
not be required, but if 
along the air lines are 
condensate to form, it 
the addition 


service, an 
type 
temperatures 
low and cause 
may be well t 
of such a drier. 


may 


consider 


If the mill is large, an instrument air 


compressor at each end of the mill 
may be better than one large com- 
pressor centrally located. By inter- 
connecting these, either compressor, 


on bleach liquor line. 


posed to the once-standard black. Ade- 
quate lighting of the panels is 
importance. In some jobs, not only 
regular canopy lighting used, but 
vision is made for emergency lighting 
from batteries. Console type panels 
washers, with sloping tops. are being 
used to a great extent and make a 
lovely job. Ventilation of panels, 
terior illumination of the cabinets 
proper tagging of connections are ot 
items of consideration. 

This article has covered briefly s 
points that must be considered in 
application of instruments to the } 
and paper There are m: 
others! Adequate instrumentation 
essential for efficient and economica 
operation, but instrument equipm: 
improperly applied can result in 
of production and needless expen 
Careful consideration of all factors 's 
truly important. 


processes. 
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In many chemical operations, accurate 
control of pH is essential to 

maximum yield and purity of product 
since it governs reaction velocities 
and suppresses undesirable 

side reactions in the processing. 












Here’s why Dynalogs are ideal for 
Measuring or Controlling pH 






The heart of Dynalog Instruments, shown at 

the right, eliminates the conventional slidewire and 
provides an unequalled combination of speed, 
sensitivity and accuracy. This stepless as well 

as continuous balancing mechanism responds 
quickly and positively to the smallest change 





















in pH values, ADVANCED ENGINEERING THROUGHOUT 
Whatever your requirements for accurate pH Designed to take full advantage of electronic circuits, Dyna- 
measurement or control, there’s a Foxboro Dynalog log Instruments are virtually free from the mechanisms used 


tear ahs idge-type instruments. They h lide. 
Instrument designed to meet them .. . indicating, nanan seeding appetite 


a controlling. Write for Bulletin 430. galvanometer, no batteries to standardize. They require 
The Foxboro Company, 40 Neponset Ave., essentially no maintenance except occasional replacement of 


Foxboro, Mass., U. S. A. standard radio tubes. Pneumatic Dynalog Controllers are 
available where automatic operation is desired. 


wire, no moving contacts, no high-speed motor, no gears, no 


* Reg. U.S. Pat. Off, Beckman Glass Electrodes are the primary elements of 
Dynalog pH Instruments. They are suitable for use in nearly 
all types of solutions regardless of color, viscosity, rate of 





flow, suspended solids and oxidizing or reducing agents. 


OX BOR 


Reg. U.S. Pat. Off: 
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Some Application Factors Affecting rhe 
Regulation of pH zw Industry 


By ALLEN L. CHAPLIN, Consulting Engineer 


X. THE REAGENT 


The term reagent may or may not fit all the accepted 
terminologies of control engineers: Some may prefer to 
call it the “control agent” while others may choose to 
speak of it as the manipulated variable in keeping with 
ASME terminology. Production personnel of many user 
industries have established their own mode of identifica- 
tion having strong reflection of the operator’s favored 
brand of humor. Alum is sometimes referred to as “pucker 
juice” while other reagents have been called “sheet stretch- 
er” and “getter.” In one case it was simply “pH” and the 
operator manipulated his control valves to “turn on more 
pH.” Many operators recognize it as the control chemical 
but most plant people would look in the recorder case for a 
“reagent.” 

The term reagent derives from the chemist’s termi- 
nology to identify a known and calibrated chemical used 
to evaluate an unknown. Whether this terminology is best 
fitted to the control engineer’s work is a matter requiring 
special study. 

Normally, the reagent is a known chemical of fixed 
strength which effects a change in pH of the process 
liquors by virtue of a chemical reaction resulting from 
admixture of the two. It may be a gas, a liquid or a solid, 
depending on individual conditions. Some reports have 
appeared in the literature on the controlled use of ultra- 
sonie energy and ultraviolet light to effect a change in 
pH, but these methods are not important industrially at 
present. 


A—LIQuID REAGENTS 


At least three thermodynamic conditions have bearing 
on the rate of reaction between reagent and process liq- 
uor and may, in some cases, require stabilization to ob- 
tain good pH control. Higher temperature usually in- 
creases reaction rates of solutions and must be controlled 
in some cases to obtain satisfactory pH regulation. It 
has not been uncommon experience in many plants to ob- 
serve “upsets” or variable effects in pH control with chang- 
ing seasons: a regulator installed during the summer 
months would behave quite differently during cold win- 
ter months and in some cases could not be adjusted to 
operate satisfactorily at all. Equilibrium lag, due to chem- 
ical inhomogeneity, would make its appearance during 
winter months but would disappear entirely with the re- 
turn of the first robin. 

Notwithstanding the effects of temperature on resist- 
ance of the glass electrode which affects sensitivity of pH 
measurements,* the above observations were found to be 
conditions resulting from the effect of temperature on re- 
action between process liquor and control reagent. In 
many cases, temperature of processing materials is not 
regulated closely but is allowed to vary with ambient tem- 
perature of the building, or, as in the most serious ex- 
treme represented by the paper industry, the processing 
water (over 95 percent of the total material processed) 
is usually allowed to vary between extremes of the out- 
side weather. It is not economically feasible in such cases 
to regulate temperature and it is often regarded unnec- 
essary in terms of over-all results. 

The pH control records resulting from such conditions 
are not unlike Figs. 25 and 25-A although many have 
been observed having an inhomogeneity band width of 3.0 
pH. Conditions within the control loop responsible for 
such records are not to be regarded as satisfactory but 
in some cases the final results have been acceptable be- 
cause of sufficient time element in the process after the 


lass electrode Corning 015 glass) having a resistance of 1.0 meg 
at 60 C. may increase resistance to 15 megohms at 30 ¢ 50 meg- 


ms at 18 ¢ and 161 megohms at 7C 





regulator to permit conditions to reach equilibrium. 
though an otherwise defective control record may not 
objectionable in terms of over-all results, it does 1 
sent defective control and should be corrected in the 
terest of good control engineering. 

It has been necessary in some cases to correct the f: 
because of unsatisfactory results and, although it 
not feasible to heat the process material, other measi 
have proved effective. In many cases, it has been poss 
to relocate the equipment at a point of different con 
tration gradient and eliminate seasonal effects. Of 
ticular interest in this regard is the fact that in ev 
case of such trouble in the paper industry, and a few ot 
industries involving clay and solid suspensions, the 
mogeneity was eliminated by relocating at a _ point 
lower concentration of suspended material. One might 


Fig. 88. Flash heating of control 
reagent sometimes compensates equi- 





. ; P reagent 
librium lag introduced by process li- “ 
aucrs at below normal temperatures. } 

= steam 
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pect, therefore, that suspended matter has a property 












absorbing reagent or otherwise affecting its contact wit! 


reacting liquors, or, possibly, in some cases, of cataly 


ing side reactions or affecting the forward speed of 
actions. 

Some applications in the chemical manufacturing 
dustry have exhibited seasonable characteristics but 


usually has not been possible to relocate the control; a 


other techniques have been called for. In one case, a pi 
ess liquor was transported through a pipe-line out 
doors between buildings 1/5 mile apart and “settled” 


an outside tank before processing. It could not be heated 


economically but in this and other similar cases the e 


librium lag has been eliminated by two combined steps 


Firstly, flash-heating the reagent in a steam-jacketed 
before it enters the process and, secondly. injecting it int 


small cross sectional area of the influent liquor (Fig. &&) 


has proved to be effective. Some engineers have reported 
provement in winter operations by the installation of 
flash steam coil in the process liquor at the point of 

agent addition: Agitation, not normally required in 

summer months, has proved effective in other cases. 

The general concept of introducing reagent into a sn 
cross-sectional area of process liquor cannot be overstress« 
As above said, the ideal condition of contacting the two 
uids so far as uniform distribution goes, would be in t] 
films approaching molecular dimensions, while the oppos 
extreme is the addition of a small reagent stream to 
body of a large residence system. The majority of pH c¢ 
trol installations are probably of the latter type wherein 


Continued on page 
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The Month’s NEW INSTRUMENT$ 


In this department we report each month new devices for measurement. inspection, 
testing, metering and automatic control — in the form of concise technical descriptions. 


Pressure Transmitter 


New “Transaire” force-balance type 
of pressure transmitter is said to “offer 
for the first time convenience and 
accuracy of suppressed ranges at high 
pressure levels.” It makes it possible to 
measure and transmit (up to 1000 feet) 
small pressure changes with an accu- 
racy of 0.5 percent of range span. 
Range spans of 20 to 40 psi are avail- 









AIR VALVE ——— ZERO ADJUSTMENT 
ano”* 1 ADJISTMEN 
MANI 
ASSEMBLY = SPRING ASSEMBLY 
COMPENSATING 
BELLOWS 
LOCATED 


WITHIN SPRING 


- VOLUMETRIC 
PRESSURE 
SYSTEM 


able over range limits of 35 to 415 psia 
with sensitivity of 0.1 percent or 0.02 
or 0.04 psi, depending on range span 
used. Regardless of pressure range or 
span, transmitter output is always 
linear from 3 to 15 psig, proportional 
to measured pressure with an accuracy 
of plus or minus 0.06 psi, obviating 
need for individual calibration of 
matching receivers or  receiver-con- 
trollers. Operating ranges can be 
varied with range limits by screw- 
driver adjustment; continuous adjust- 
ment of any range span can be made 
within range limits of instrument; 
range limits can be shifted by chang- 
ing spring sub-assembly.—Taylor In- 
strument Companies, Rochester 1, N.Y. 
Mention No. 201 when filling out card. 


High-accuracy Indoor 
Current Transformers 


New “Type MR” through-type cur- 
rent transformers for low-voltage 
metering indoors with or without ther- 
mal demand meters have an exceptional 
accuracy with ASA class 0.3 at burden 
B-0.1 and a continuous current rating 





156——Instruments 





of 200 percent while not exceeding a 
temperature rise of 55 degrees C. 
Accuracy is maintained over this entire 
current span so that only two current 
transformers (200- and 400-amp. rat- 
ings) are required to meter in complete 
range from 10 to 800 amps. Use of 
grain-oriented Hipersil in the core mini- 
mizes weight and dimensions. Trans- 
former has metal case with Moldarta 
cover and removable silver-plated pri- 
mary conductor. Secondary terminals, 
mounted on phosphor-bronze supports, 
have solderless connectors that will 
accommodate No. 6 to No. 14 conductor. 
No short-circuiting device is used since 
open-circuit voltage under full load is 
only approximately 100 volts. Trans- 
formers are for operation up to_600 
volts with primary current ratings of 
200 or 400 amps. to 5 amps. A three- 
wire transformer is also available with 
a ratio of 200-200 to 5 amps.—Westing- 
house Electric Corp., P. O. Box 2099, 
Pittsburgh 30, Pa. 

Mention No. 202 when filling out card. 


Temperature-limit Cut-out 


New “Protect-o-Vane” controller, de- 
signed to shut off heating sources when 
temperatures go beyond a set limit, has 
many components interchangeable with 
maker’s “Pyr-o-Vane” unit. It can also 
be used in conjunction with maker’s 
“Electronik” line—Brown Instruments 
Div., Minneapolis-Honeywell Regulator 
Co., Wayne and Roberts Aves., Phila- 
delphia, Pa. 

Mention No. 203 when filling out card. 


Dragless-pointer 
Automatic Controller 


New “Pyr-o-Vane” controller works 
through action of a light-metal vane, 
mounted on a millivoltmeter pointer, 
which moves in and out of an electric 
field. Features are: snap-action control 
and non-cyclic correction. Instrument 
is said to be in low-cost range.—Brown 
Instruments Div., Minneapolis-Honey- 
well Regulator Co., Wayne and Roberts 
Aves., Philadelphia, Pa. 

Mention No. 204 when filling out card, 


Coating-thickness Gage 


New special-purpose “Magne-Gage” 
measures thickness of nickel coatings 
on iron or steel in the range of 0.001 
to 0.0045 in. by magnetic means, with- 
out injuring coating or base metal. 
This thickness range is beyond that of 
standard “Magne-Gage” (which meas- 
ures thickness of nickel coatings on 
iron or steel from 0 to 0.002 in.) and 
cannot be supplied on Magne-Gages 
having other calibrations. Delivery, 30 
days.—American Instrument Co., 8030 
Georgia Ave., Silver Spring, Md. 
Mention No. 205 when filling out card. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 207 


Time-temperature Control/er 
for Dyeing Processes 


New “Model 40 CycleLog’” comb 
features of “CycleLog” controller 
automatic control of textile dyeing 
machines and of “Model 40” controller 
making possible a more compact as. 
sembly. Three instruments can now 
installed in panel width formerly 
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quired by two. All of desired settings 
for cycle are made by means of fow 
knobs on front of instrument cast 
including rate of temperature rise and 
holding period, from 5 min. to 3 hr 
When operator pushes Start button, 
operation becomes fully automatic. At 
end of cycle, heat supply shuts off and 
a signal lamp flashes. Beside this au- 
tomatic push-button feature, two addi 
tional timers (adjustable inside casé 
have been added: Initial Timer to a 
low dye bath to come to a_ uniforn 
temperature before start of controlle 
rate of rise; Duplicater Timer for 
overtime periods (has a separate push- 
button).—The Foxboro Company, F 
boro, Mass. 


Mention No. 206 when filling out card 


Predetermined Electronic 


Counter 

New “Model 133” three-decade elec- 
tronic counter predetermines any count 
from 1 to 999 continuously and provides 
a high-speed relay action each tim 
selected count is reached. Other models 
having capacities of 2, 3, 4, 5 and | 
digits are available. Rates up to 60,00! 
per min. may be used. Output cons 
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a high-speed mercury-type relay 
ch operates in 2. milliseconds. 
<, veral different types of relay actions 
available. One type reverses each 
ne selected count is reached. Another 
pe provides adjustable-momentary 
ntact which can be adjusted over a 
eyiod of 0.1 to 0.01 sec.-—Potter Instru- 
nt Co., Inec., 136-56 Roosevelt Ave., 

} ishing, N.  # 


Mercuryless Flow-rate 
Recorder 


New “‘Model 202” flow-rate recorder 
employs a rupture-proof bellows and 
torque-tube for measuring differen- 
tial; features an 
pulsation 


internal-adjustable 
damper. For gas 


service, 


Mention No. 207 when filling out card. 


Ultraviolet Lamps 


New models of ‘“Mineralight” operate 
from 110 v. a.c., 110 v. d.c., or batteries. 
Both short- and long-wave lamps, 
“streamlined in design” and light in 





instrument is self-draining in case of 
liquid accumulation in housing. Bel- 
lows-differential mechanism eliminates 
problem of measured-fluid to manom- 
eter fluid contact; torque tube elim- 
inates pressure-bearing problems; and 
because hydraulic fluid is permanently 
sealed within bellows, pulsation-dam- 
per plugging problems are eliminated. 
-Rarton Instrument 1429 S. 
Eastern Ave., Los Angeles 22, Calif. 

Mention No. 210 when filling out card. 
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Stroke-type Printing 


Counter 

weight, are easily held in hand. Carry- “Model PVR” counter gives 
Yate available _ Which are }oth visual and printed record of coun- 
equipped with a daylight-viewing aper- ter register on cards, multiple sheets 
ture and a place for batteries. —U/tra- ‘ 
Viole t Products, Ine., i 
Calif. 





New 


Pasadena, 


Mention No. 208 when filling out card. 


Electromechanical 
Resolving Components 


New “Size 03 Group”’—a 


series of 





eight 400-cyele electrical resolvers 
now freed from security restrictions, 
has been released by maker for use as 


ete. using an adding-machine type rib- 
bon. 90 degree throw of lever actuates 
counter and = printing mechanism. 
Housed in aluminum case and _ pro- 
vided. with bearing, counter 
is rated for speeds up to 500 counts 
per min.—Durant Mfg. Co., 1914 N. 
Buffum St., Milwaukee 1, Wis. 

Mention No. 211 when filling out card. 


oil-less 


Flame Detector 


New “Protectoglo” flame detector, 
for processes where oil or gas fired 
burners are used, operates on flame 
rectification principles; “makes use of 
the fact that either a flame, or a pho- 
tocell sighted at a flame, is capable of 
not only conducting an electric current, 





ivilian 
mometric 
£:crations of gears, bearings and slides 


instrumentation involving 
problems, replacing ag- 


ously used for such purposes. “ ae , 
I of. the eight types Pasay zero but of rectifying an alternating cur- 
: shif _ WI , ; rent. System not only provides in- 
e shift and unity ratio between : : 
and . , ey stantaneous response to flame condi- 
and output. All types now avail- 7. eitee : . 
: tions, preventing a discharge of un- 


burned fuel to combustion chambers, 
but also incorporates an automatic 
check of its own components and will 


in quantities—Arma Corp., 254 
St., Brooklyn 32, N. Y 


tion No. 209 when filling out card. 


shut off fuel supply in event of failure. 
System can be interlocked with any 
needed combination of control devices 
and accessory equipment, such as ex- 
cess-pressure, low-pressure and low- 
water safety cutoff, temperature con- 
trol, alarms, signal lights, etc. It can 
be used for single or multiple burner 
installations and is available immedi- 
ately.—Minneapolis-Honeywell Regula- 
tor Co., Minneapolis, Minn. 

Mention No. 212 when fillng out card. 


Dual-syringe Feeder 


New “Dow Dual Syringe Feeder” 
provides smooth non-pulsating flow of 
liquid at constant rates accurately ad- 
justable from 7.6 ce. per hour to a few 
liters per hour; operates at low pres- 





sures (not exceeding 3 psig.) ; handles 
most corrosive liquids; is of greatest 
usefulness in experimental work. 
Modern Metaleraft, 1075 N. Eastman 
Rd., Midland, Mich. 


Mention No. 213 when filling out card. 


Exposure Meter 


New “Type DW-68” photoelectric ex- 
posure meter which supersedes present 
“Type DW-58” features a sturdier in- 
strument mechanism and a_ restyled 





whe 


calculator dial calibrated for American 
Standard exposure index numbers. 

Meter & Instrument Divs.. 
Eleetrie Cor 2. Schene ctady 5, N. Y. 
Mention No. 214 when filling out card. 


General 


Strain-tester for Elastomers 


New “GFB-NBS” strain tester meas- 
ures percent elongation of a virtually 
motionless specimen in a friction-fre¢ 
mounting a definite time after appli- 
cation of a_ prechosen Tester 
measures to about 1000 percent elonga- 


stress, 
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tion in 1-percent increments. It induces 
stresses from 50 to 400 psi. with about 
1 percent accuracy, and with additional 
fixed weights, stresses up to 5000 psi. 
may be obtained.—G.F. Bush Asso- 
ciates, Box 175, Princeton, N. J. 

Mention No. 215 when filling out card. 


Average-speed Indicator 


New “Rotalyzer” measures average 
rotational speed of a shaft and indi- 
cates variations in speed vs. time. 
Equipment includes pickup devices for 
attachment to shaft, a cabinet con- 
taining amplifier and analyzer elements 
and an oscilloscope (modified DuMont 
“304 H” applicable to other general 





840 


work, or user’s own d-c. coupled oscillo- 
scope). A _ high-frequency magnetic 
disk and pickup are employed on shaft. 
A tunable calibrated local oscillator in- 
dicates average shaft rpm. in conjunc- 


tion with a _ null-reading voltmeter. 
‘Scope indicates variations in speed 
New “Metrotype System,” using 


standard Teletype page printer, may be 
used to telemeter, select in sequence, and 
record in page form over any distance 
such measurables as voltage, current, 
temperature, pressure, fluid flow, etc. 
Basic instrument is a 0-150-v. d-c. volt- 
meter with input resistance greater 
than 300,000 ohms, or 45,000 ohms 
when used with a rectifier for a.c. 
Accuracy is within 2 percent of full 
scale. Data are recorded in continuous 
role form; sheets can be perforated, a 


typical record being an 8.5 by 11 in. 
page, a half-size sample of which is 


illustrated. Instrument can produce up 
to twenty good carbon copies. Power 
requirements from 60-cps. line are 300 
watts for rack and 200 watts for 
printer.—Metrotype Corp., 525 W. 76th 
St., Chicago 20, Jil. 


Mention No. 218 when filling out card. 


Digital Remote-recording System 


(vertical) and time (horizontal). Scope 
horizontal axis may be made propor- 
tional to shaft motion. Standard speed 
range is 900 to 7200 rpm.; may be ex- 
tended upward to 50,000 rpm. and 
downward to 3344 rpm. on special or- 
der. Accuracy of 0.1 percent is avail- 
able over speed range. Accuracies to 
0.01 percent available at single speed 
in standard instrument.—Kay Electric 
Co., Pine Brook, N. J. 

Mention No. 216 when filling out card. 





Resistance 
Thermometer Elements 
Two new elements, “Type PN-1 and 


PN-2,” are added to “Stikon” line; are 
much easier to install than “Type BN- 
an . - + a t 
e : | 
gee. : 
T Izr ra tT 
caast t : 





1” and are substantially lower in cost: 
therefore better suited to experimental 
applications.—Ruge-deForest Inc., 76 
Massachusetts Ave., Cambridge 39, 
Mass. 


Mention No. 217 when filling out card. 
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Portable Permeameter 


New “Porta-Perm” portable perm, 
meter (Fig. 1) is for quickly deter: 
ing horizontal and vertical permeabi jt 
of core samples at the well or in ‘hy 
laboratory. In conjunction, a prepara 
tion kit (Fig. 2), designed also for fo! 
or laboratory, cuts core samples int 
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as! 
shapes of 0.625-in. cubes, using tw 
high-speed diamond saw blades. A 


petroleum solvent and hot plate are in- 
cluded for preparing samples. Prepared 
samples are inserted into chamber of 
“Porta-Perm” and, by means of a rub- 
ber bulb, air pressure in chamber is in- 
creased. As the air passes throug! 
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sealed-off sample, pressure drop 

indicated by a falling water column an 
is timed by a stop watch: permeabilit 
is then read directly from curves sup- 
plied.—Gueunther Instrument Co., 242 4 | 
Bissonnet, Houston 5, Texas 


Mention No. 219 when filling out card 





Shaft-hp. Dynamometer 


New “Marine-shaft horsepower-! 
meter” indicates both power being 
transmitted to propellers at any instant 
and total energy expended ove) 
period of time. Self-contained unt 
which is mounted on ship’s propé 
shaft measures speed and amount 
twisting to which shaft is subjected 
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duct of these two quantities, cal- 
ated automatically, gives horsepower 
i when multiplied by. time, total 
ergy.— General Engrg. & Consulting 
h., Gene ral Electric Corp., Schenec- 
ly 6, N. Y. 

Mention No. 220 when filling out card. 


Dial Indicators 
for Transmission Systems 


New “Concentric Dial Indicator” fo 
transmitting, receiving and controlling 
nstruments can be read from 50 to 100 

Instrument mechanism is easily ac- 
essible for inspection or adjustment: 

simple rotation of dial. Instrument 

iy be used with only low-pressure- 





unit or mercury-manometer actuation 
for differential or absolute pressure 
applications. It is available as indi- 
cator, indicating receiver, indicating 
controller, indicating transmitter, in- 
dicating transmitter-controller or indi- 
cating receiving controller. Standard 
ranges are 0 to 10 on square-root scale 
and 0 to 100 and 0 to 200 on uniform 
scales. Taylor Instrument Companies, 
Rochester 1, New York. 


Mention No. 221 when filling out card. 


Reservoir-type Manometers 


New reservoir-type manometers fea- 
re Minimum mercury contamination 
and easy cleanout, have reservoir and 
metal passages lined with a thermo- 
setting plastic, nearly glass-hard and 
ghiy resistant to acids, alkalis, 
nners, etc.; are regularly available 
n i4 lengths with scales from 12 to 
16 in. long, for use on line pressures 








Precision Spectrometer 


New “L124” divided-circle spectro- 
meter reads to 1 second of are, is de- 
signed principally for extremely pre- 
cise determinations of refractive indices 
and dispersion, and for measurement of 
prism and wedge angles. Graduated 
circle, read by means of four special 
micrometer microscopes, can be turned 
independently of other parts mounted 
on central shaft so that measurements 
can be made on any portion of circle. 
A gearing system which moves prism 


up to 200 psi.; with low reservoir as 


illustrated, and with raised reservoir 
for measuring absolute pressure, or 
for measuring both pressure and 


vacuum. They can be mounted flush; 
flat on front of panel; on a wall; or on 
a bench or table with tripod mounting. 
Reservoir and connecting parts are 
steel or brass, or stainless steel on 
request.—King Engineering Corp., Box 
100, Ann Arbor, Mich. 


Mention No. 223 when filling out card. 


Scratch Hardness Tester 


New pocket-size “Hoffman Hardness 
Tester” for testing scratch hardness 
and adhesion of industrial product fin- 
ishes provides dependable determina- 
tions of pressure on scratching tool 


=. 





337 > siuiiianiinin 


ea] 





because a reliable lever system reduces 
friction to one pivot (see illustration). 
Scale is graduated from 0 to 20; each 
division equals 100 grams, permitting 
readings up to 2000 grams with a stand- 
ard rider (weight) and up to 3750 
grams with two. standard riders. 
National Paint, Varnish and Lacquei 
Ass'n, 1500 Rhode Island Av Wasi 
mgton 5, ms. 5. 

Mention No. 224 when filling out card. 


Chlorine Feeder 


New “Chlorinizer” for feeding chlor- 
ine gas features completely safe and 
highly accurate operation. Chlorine 
rate indicator with direct-reading linear 
seale assures equal ease and accuracy 


table at half the speed of the telescope 
engaged, if desired, when mea- 
suring refractive indices by constant- 
deviation method and of opaque 
materials by polarization. A camera 
attachment, polarizing attachment, 
Babinet soleil compensator, and_ in- 
frared attachment are offered as acces- 


sories. 


can be 


Gaertner Scientific Corp., 1201 
Wrightwood Ave., Chicago 14, Jil. 


Mention No. 222 when filling out card. 
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Only upper part is shown in this illustration 


839 


of readings at all rates. Maintenance 
due to corrosion is minimized because 
chlorine is controlled and metered in 
the dry, inert state. New feeder is 
readily adapted to semi-automatic, pro- 
gram or automatic proportional opera- 
tion and conversion from one method 
of operation to any other may be made 
in the field.—Puilders-Providence, Ince.. 
Providence 1, R. 1. 


Mention No. 225 when filling out card. 


Quarter-turn 
Coil-winding Counter 


New “Quarter-turn Clipper” counts 
to speeds of 10,000 turns per min. 
Equipped with a 6 in. dial calibrated 
in quarter turns, which indicates 
turns and repeats, it automatically de- 


2590 
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ducts turns taken off coil in case of 
overrun. Pointers may be reset to zero 
with one quick motion. Tilting dial 
affords adjustment to most advan- 
tageous angle.—Production Instrument 


Co., 702 W. Jackson Blvd., Chicago 6, 


Til. 
Mention No. 226 when filling out card. 


Pressure Pickup for 
Telemetering 


New sub-miniature telemetering pres- 
sure pickup, for use in AN/DKT-3 or 
other FM/FM telemetering systems, 
has total range from 0 to 400 psi.; 
may be used for any value of full- 
scale range from 5 psi. to 200 psi. 


for measurement of differential pres- 
sures. Where one chamber is sealed 
with a reference pressure, it may be 
calibrated for any value of full-scale 
range of 5 to 400 psi. Natural fre- 
quency is 500 to 2000 cps. Response 
time depends upon length and diameter 
of connecting tubing. Acceleration error 
is said to be negligible. Weight 0.32 Ib. 

Pacific Div., Bendix Aviation Corp., 
North Hollywood, Calif. 


Mention No. 227 when filling out card, 


Two-circuit Timing 
Controllers 
New “Models 179 and 180” interval 
timers can be set for any interval from 
15 min. or 1 sec. to 1 hou: 
respectively in 1 sec. increments. Both 


0.25 sec. to 


models are available in s-p, d-t, or d-p, 
d-t actions to handle 10 amp. at 115 
v. Timers switch one circuit off and one 
circuit on at end of time interval. 
Dimeo-Gray Co., 207 E. Sixth St., 
Dayton = Ohio. 

Mention No. 228 when filling out card, 


High-temperature 
Mercury-filled System 


New 1200 F. mercury-filled thermal 
system for industrial processing pro- 
vides simple, dependable means of 
measurement and control of tempera- 
tures above conventional 1000 F. range 
imit. Among applications: gas-fired 


Page 160-—Instruments Vol. 23 


ovens, annealing ovens, high-tempera- 
ture blanchers, exhaust gases, etc. 
Among features: newly-developed 
Bourdon spring, Type 347 stainless 
steel thermal element, compensation for 
varying case and ambient temperatures 
and uniformly graduated charts. Range 
spans of 1000 F., 600 F. and 400 F. 
or equivalent Centigrade are available 
in all maker’s standard indicating re- 
cording and controlling instruments. 
No system can be furnished in which 
range starts at temperatures below 
700 F.—Taylor Instrument Companies, 
Rochester 1, N. Y 

Mention No. 229 when filling out card. 


Pulse Magnetic Seismograph 


New “Series VR” remote-controlled 
Visual Recording Seismographs, for 
recording earthquakes and artificial 
earth tremors, embody a pulsing sys- 
tem which has solved the difficult prob- 
lem of stable electronic amplification of 
low-frequency vibration. A pulse train 


with a fundamental frequency much 
higher (at least 10 to 15 times) than 
highest harmonic to be recorded is su- 
perimposed onto seismometer impulse 
signal. Amplitude of pulses, kept con- 
stant, is so chosen that maximum seis- 
mometer amplitude never exceeds 
pulse amplitude. A rectified portion of 
combined signal is amplified by a stand- 
ard a-f. amplifier which raises “modu- 
lated pulse signal” to a sufficiently high 


—~ 


etl 


level. High-level output of amplifier is 
then rectified and mixed with rectified 
signal of unmodulated pulse. This com- 
bined signal is then presented to the 
electromagnetic ink recorder which will 
record algebraic sum of modulated and 
unmodulated pulse amplitudes provided 
that no phase shift takes place between 
the two signals. Thus, stable magnifica- 
tions of seismometer output, from 3 to 
20,000 or even more, are readily ob- 
tainable. Fig. 1 shows “VR-10” ver- 


tical-component seismometer; Fig 
shows “VR-20”  horizontal-compo 
seismometer; Fig. 3 shows “VR- 0” 


with “VR-30”" amplifier and “VR-40" 
recorder.—Sprengnether Instrun 
Co., 4567 Swan A ve., St. Louis 
Mo. 


Mention No. 230 when filling out card. 


Variable-area Recording and 
Reproducing Instruments 


New multi-trace galvanomete: 
corder (Fig. 1) and reproducer (Fig 
2), developed to measure seismic wav 
forms, use variable film-area_ rec 


ing. Recording and reproduction of vi- 
brations may thus be made for elec- 
trical-wave analyses, driving shaking 
systems, or other purposes. Five- 
eight-trace equipment is availa! 


AE ARG 





Specifications are: Frequency rang 
5 to 300 eps.; Recording film w 

5 in.; Recording and reproducing s} 

8 to 16 in. per sec.; Recording s« 
tivity, 1.3 cm. per ma.; Reproducer « 
put, 10 microvolts to 1 millivolt 
500 ohms.—Seismograph Service C« 
709 Kennedy Bldg., P.O. Bow 159 
Tulsa 1, Okla. 


Mention No. 231 when filling out card 


High-intensity Light Source 


New “Type-A” mercury-are la 
has output of 65 lumens per watt; wit! 
power input 2 kw. or 1.2 amp at 19 
volts, intensities of 90,000 candles 
cm. are attained. Dimensions 

em (1.125 in.) by 1 mm (0 


sq. 
2.85 
























ALNOR THERMO-ANEMOM- 
ETER Here's a compact, direct-reading 
instrument that fills a long-felt need— 
the accurate measurement of low air 
velecities. With the Alnor Thermo- 
Anemometer you can accurately read 
velocities as low as 5 f.p.m. It can be 
used between 20°F. and 150°F. with- 
out impairing its accuracy. Fine crafts- 
manship, high-quality materials, exact 

lib , and exhaustive tests com- 
bine to assure you accurate operation 
on a wide variety of applications. 












ALNOR ELECTRONIC TEM- 
PERATURE CONTROLLER 

.. is a simplified form of control- 
ler designed to indicate and regu- 
late automatically the heat of any 
industrial heating device. There 
cre no moving mechanical parts 
to wear or cause trouble. Control 
sensitivity is such that pointer 
movement of 0.3% will activate 
the power relay. Available with a 
wide variety of thermocouples 
and in scale range from 0-500 to 
0-3000°F 


ALNOR DEW POINT INDICA- 
TOR . . . for simple, rapid dew point 
reading of any gas. Indication takes 
place in an enclosed observation 
chamber under tely trolled 
conditions. Dew or fog suspended in 
air—not on mirrored surface—makes 
it easy for two or more observers to 
get same accurate results. The Alnor 
Dewpointer is a complete, self-con- 
tained unit—no external coolant or 
other apparatus is required. Available 
for dew points from ~80° F. to room 
temperature. 





for 





precise 
_ measurement 
iy of 


ti temperature, 


ALNOR TYPE 2300 SURFACE PYROMETER . .. sets a new high in precision 
measurement of low surface temperatures. Special design, from Alnico magnet to the 
finest, quick reacting thermocouple, assures unfailing accuracy .. . speed and 
dependability. This is a self-contained, sturdy unit—easily carried and used any- 
where on a wide variety of applications. Direct reading, six-inch mirrored scale is 
easily read... quickly understood. The instrument is available in 5 Fahrenheit scale 
ranges with a span as small as only 150°. 


air velocity 





and 





dew point! 


if your measurement problems involveany that have many unique patented features 
of these, choose a precision instrument that mean greater accuracy .. . a more 
ng from the Alnor line. Unexcelledforunfailing practical, trouble-free solution to your 
: 7 accuracy, Alnor instruments have proved measurement problems. 

their superiority in a broad range of lab- 

te oratory, production-line and field applica- Follow the lead of those who know quality 
tions. The units shown are buta few froma_ best. . . select Alnor for your laboratory or 
full line of rugged precision instruments industrial instrumentation. 
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in.). Cooling requires 2.5 gpm. ordi- 
nary tap water. Average life at rated 
max. is 5 hours, appreciably more at 
reduced voltages. 100 percent intensity 
is reached at 4358 Angstroms with an 
80 percent peak, at 5461 A. and a 73 
percent peak at 4047 A., with a max. 
radiation of 0.08 watts per ster-radian 
per Angstrom. Intermediate areas aver- 
age approximately 35 percent.—Hug- 
gins Laboratories, 706 Hamilton Ave., 
Menlo Park, Calif. 

Mention No. 232 when filling out card. 


Motor Starter 


New “Bulletin 646” manual auto- 
transformer-type starter for squirrel- 
cage motors is available in four sizes 
from 5 hp, 220-440-550 v, to 250 hp, 
450-550 v; for 25, 50, and 60 cycles. 
Two automatic reset overload relays 
are standard equipment. Available in 
“Form T” with aid-break contacts; 
and “Form X” with oil-immersed con- 


Air-break form can be converted 
operation. A_ time- 


tacts. 
to oil-immersed 
delay under-voltage release, which pre- 
vents unnecessary opening of switch- 
ing mechanism on slight voltage dips, 


is standard on largest size; can be 
supplied as an optional feature on 
smaller sizes. All starters have an ad- 
justable time-delay mechanism for con- 
trolling length of accelerating period 
before switching motor from starting 
to running taps.—Allen-Bradley Co., 
Milu auke C. Wis. 

Mention No. 233 when filling out card. 


Synchronous Camera 


New “Model III” 16-mm. synchron- 
ous cameras are used for photograph- 
ng simultaneous events at remote lo- 
cation. With shutter speeds of 5, 10, 
16, and 32 frames pei 


and 20, or 4, &, 





second, or with single exposures, syn- 


chronization within 1 millisecond is 
provided by external pulse circuit. 
Cameras will operate over tempera- 


ture range of -50 to 110 F, up to 
40,000 ft. altitude, and over 100,000 
operations without noticeable wear. 





Weight is 4 lb.; size is 7 by 3.56 by 3.5 
in.; power needed is 12 watts at 28 v. 
d.c. plus 0.12 amp. at 1.5 v. for coding 
and timing lights—Flight Research 
Engineering Corp., P. O. Box’ 1-F, 
Richmond 1, Va. 

Mention No. 234 when filling out card. 





Film-adhesion Tester 


New “Adherometer” measures strip- 
ping force, in dynes, needed to remove 
a paint film from surface of a metal 
test panel. Stripping is done with hard- 








inches deep, with heights in multi 


of 14 inches (for standard ing.) 
structures either 76 or 90.375 inc ies 
high); can be mounted back-to-ba.k: 


can be locked in a positive tiit-out po- 
sition, disconnected from line; are haf- 
fled from each other for added sat »ty 
in keeping short circuits localized. Pro. 
vision is made to vent hot ionized guses 
created by short circuits.—Wesring- 
house Electric Corp., Box 868, Piits- 
burgh 30, Pa. 

Mention No. 236 when fillling out card. 





Machinability Tester 


New “M.S.E. Schlesinger” machin- 


ability tester measures specific cutting 
resistance of a standardized cutting 
tool for a standardized chip area in 
pounds per 0.001 sq. in. ana abrasive- 
ness effect of same work materia! on 


















































ivory tool, and force required is trans- 
mitted through lever system to indi- 
cating gage, the reading of which is 
translated into dynes with a conver- 
sion table—Henry A. Gardner Lab., 
Inc., 4723 Elm St., Bethesda 14, Md. 


Mention No. 235 when filling out card. 





Machine-control Centers 


New standardized control centers, 
containing motor starter units for 
centralized control of groups of ma- 
chines, feature plug-in type discon- 
nects on line side for safety. All 
starter units are 20 inches wide by 20 














a hardened calibrator by measuring 
abraded flat on a standardized 10-mm. 
test ball brought into contact with 
work material under a known pressure 
and for a given duration of time. <Ac- 
tual wearing effect is thus stimulated 
on a standard test ball. Unit consists 











of: Dynamometer with indicator, in- 
cluding calibration beam and 11 stand- 
ard weights; Abrasiveness attachment 
with mm. magnifier and one half gross 
10 mm. test balls; Set of 8 standard- 
ized carbide-tipped cutting tools; Fix- 
ture for maintaining tool angles, and 
Fixture for maintaining nose radius 
of tools—Vanton Equipment Corp 
Empire State Bldg., New York 1, N. } 
Mention No. 237 when filling out card 





Fatigue-testing Machine 


New “SF-10-U” fatigue-testing ma- 
chine applies alternating-vertical forces 
up to 5,000 Ibs. at a frequency of 1500 
cpm. and max. amplitude of 0.5 
Load accuracy is within 2 percent 
load or 0.4 percent of capacity, which- 
ever may be greater. ; 


Drive is a 2 hp 
synchronous motor. Machine will ma 
tain static preloads up to 5000 Ib. d 
ing tests. Preload is automatic: 
reset to predetermined value when 



































ALCOA ALUMINUM TUBING 


resists oil field atmospheres... 























Save 40% or more on tubing, and get improved performance to 
boot. Easily formed and flared, Aleoa Aluminum Tubing installs 
fast. Resists corrosion by He2S and other sulfurous fumes. Comes 
in lengths up to 400 feet. [deal for instrument, fuel and air lines. 
Aluminum fittings available from several manufacturers. 

Your nearby Alcoa Distributor has complete tubing stocks, in- 
cluding special alloys for use where vibration is severe. Call him 
or your local Alcoa sales office today for samples and prices. ALUMI- 
nuM Company or America, 2169B Gulf Bldg., Pittsburgh 19, Pa. 


*For local source of supply of Alcoa 
Tubing and other Alcoa products, 
look under “Aluminum” in your clas- 
sified telephone directory. 


INGOT © SHEET & PLATE © SHAPES, ROLLED & EXTRUDED © WIRE « ROD © BAR © TUBING + PIPE » SAND, DIE & PERMANENT MOLD CASTINGS © FORGINGS + IMPACT EXTRUSIONS 
ELECTRICAL CONDUCTORS © SCREW MACHINE PRODUCTS © FABRICATED PRODUCTS + FASTENERS + FOIL » ALUMINUM PIGMENTS +» MAGNESIUM PRODUCTS 
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an electrical contact is made by a 
slight change in length of calibrated 
loading springs. Floor space 59 by 
67 in.; work table 44.5 in high.— 
The Baldwin Locomotive Works, Phila- 
delphia 42, Pa. 

Mention No. 238 when filling out card. 

















60,000 lib. range is 
graduated in 100 lb. and 12,000 Ib. 
range in 20 lb. units. Bourdon gages 
for both ranges have accuracy within 
1 percent, or one dial division, which- 
ever is greater.—The Baldwin Loco- 
motive Works, Philadelphia 42, Pa. 

Mention No. 240 when filling out card. 


and 24 inches. 


Portable Hardness Tester 


New 
tester, 
plastics or 


“Impressor” hand hardness 
suitable for spot checking of 
non-ferrous metals, is de- 





























Scratch-hardness Tester 

New “Arco Microknife’” measures 
scratch hardness of a surface coating 
by totalizing load on, and number of 













strokes needed for a diamond-pointed 
tool to wear through surface. Adhe- 
sion is measured by applying a stand- 
ard stress to tool making cuts with 
successively smaller spacings until 
coating between cuts is displaced.— 
Henry A. Gardner Lab., Ine., Beth- 
esda, Md. 


Mention No. 239 when filling out card. 















60,000-lb. Testing Machine 


New “Model 60-8” testing machine 
has a lower gripping-head range of 
7 in. at 10 in. per min. Loading con- 
trols give infinitely-variable speed be- 



























tween 0 and 2 in. per min. Automatic- 
safety devices protect gages against 
verloads and prevent over-travel of 
moving parts. Vertical distance  be- 


tween gripping heads may be 1 to 18 
n. Clear lateral space between columns 
s 10 in. Table is arranged for stand- 
ard transverse tools at spans of 12, 18 
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signed for use in any position, in any 
area which will permit access of oper- 
ator’s hand. Readings may be taken by 
inexperienced personnel. Dial directly 
indicates material hardness.—Barber- 
Colman Co., Rockford, Jil. 

Mention No. 241 when filling out card. 





Vibration Test Stands 


New vibration test stands designed 
for two-dimensional vibration of loads 
up to 500 pounds make it possible to 
test specimens under conditions of 
constant amplitude, as well as con- 





Machines 


constant G. 
are semi-portable and require no con- 


stant foree or 


Turntable to obtain third 


crete vase. 
direction of vibration is available. 
Frequency from 3 to 60 cps.. and ex- 


cursion from 0 to 0.5 in. are controlled 
from panel. Machines for loads up to 
2000 Ib. can be furnished.—L. A. P. 
Corp., 31 Union Pi., Summit, N. J. 


Mention No. 242 when filling out card. 


Refacer for Abraser Wheels 


New diamond refacer for trueing 
small abrasive wheels ranging in size 
from 1.75 to 2.25 in. is driven by a pre- 
cision 115-v., 50-60 cps. totally-en- 
closed motor, with diamond-bored 
bearings, and base is equipped with 















connection for suction unit to carry off 


abrasive particles —Taber Instruy 
Corp., 111-/ Goundry Bt. North Ti 
wanda, N. Y. 

Mention No. 243 when filling out card 


Pressure Snubbers 


New “Micro Metallic Corporation” 
Monel pressure snubber is addition t 
maker’s line of stainless steel and 


brass snubbers. Mean pore diamete 









of porous element recommended 


i 








gases is 0.0002 in. and this element can 


be used for fine filtrations. 
are provided in four porosities for uss 


Snubbers 


with oil, water, gas and with mercury 


manometers. Snubber is provided wit! 


0.25 in. n.p.t. and 0.5 in. n.p.t. connec- 


tions, and fits directly onto a 0.25 o: 
0.5 in. 
Bradford St., Brooklyn 7, N. Y. 

Mention No. 244 when filling out card 





Solenoid Valve 


New “Series No. 4000” solenoid valv: 
designed for normally-closed operat 
features a dash-pot which slows dow 
closing action of valve 1.5 to 2 
Valve handles temperatures up to 46 
F., and smaller sizes will operate ur 
differential pressures up to 150 





Solenoids are rated to provide unus 
reserve factor. Standard construct’ 
has cast-iron body with bronze pist 
all bronze can be furnished. Valve a 
seat are stainless steel. Available 
0.75, 1, 1.25, 1.5 and 2 in. sizes 
Johnson Corp., Three Rivers, Mich 
Mention No. 245 when filling out car 


pipeline.—Chemiquip Co., 193 


iY 




















Diaphragm-motor Pinch- 
type Flexible-wall Valve 


New “Types 7300 and 7400” pinch- 
ye valves are available in sizes from 
» 10 in. for 125 lb. duty. Tube, made 
rubber, Neoprene, Buna N, Buna §, 
Butyl, is anchored to ASA flanges, 
d completely free of clogging or 





RMS Ay eX 


FASS 





Bei A 





bubble formation. Available in normally 
ypen or closed style, valve is provided 
with ehecks-on air lines to allow con- 
tinued operation in event of temporary 
air supply failure. “Type 7300” is 
standard, while “Type 7400” has nearly 
twice the diaphragm area.—Flexible 
Valve Corp., Palisades Park, N. J. 

Mention No. 246 when filling out card. 


Non-lubricated Cylindrical 
Control Valve 


New non-lubricated cylindrical plug 
industria] control valve, providing leak- 
proof shut-off while eliminating con- 
tamination, includes a permanent seal 
t plug stem, sealing packing at base 

' plug, and a fixed-load spring, com- 
bined with close dimensional tolerance 
and micro-finish on plug and body bore. 

Belfield Valve Div., Minneapolis- 
Hoveywell Regulator Co., Philade Iphia 
44, Pa, 


Mention No. 247 when filling out card. 


Multi-purpose 
Electrical Tester 
New “Model 102” analyzer covers 
ranges to 50, 100 mv. d.c.; 1, 5, 25, 125, 
250), 500 v. d.c.; 5, 25, 125, 250, 500 v. 
1c. at 1000 ohms per volt; 1, 10, 50, 
=o ma. d.c.; 1, 5, 25 amp. d.c.; 250 ma. 












THE NEW PRESSURE GAGE 
IN SQUARE, FLUSH CASE 


self-illuminated with black light just like 
airplane or automobile panel instruments 
for better visibility without glare 


also available with white light 
or without illumination 


ideal for symmetrical panel layouts 


dial sizes 412”, 6” or 842” —all standard 
pressure ranges 


Write for complete information 


a. »—-HELICOID 





Only Helicoid Pressure Gages 
have the Helicoid Movement 





HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 
Bridgeport 2, Connecticut 





a.c.; 1, 5, 25 amp. a.c.; 0 to 1000 ohms 

with 45 ohms center scale; 1000 ohms 

to 1 megohm with 4500 ohms center 

scale. Accuracy on d.c. is 2 percent, on 
60-cps. a.c. 3 percent, and on 25- to 
600-cps. 4 percent. Indicator scale 
length is 3.5 in.—IJnstrument Labora- 
tories, 315 W. Walton Pl., Chicago 10, 

~ Fu. 

Mention No. 248 when filling out card. 





Regulated D-c. Power 
Supply 
New “Type EME-2” regulated d-c. 
power supply furnishes 10 to 50 kv. 
with max. current of 2 ma. Supply 
consists of a driver unit and a rec- 






tifier unit, with either positive or neg- 


ative ground. Outut voltage can be 
continuously varied. Voltmeter on 
front panel of driver unit indicates 












output for any setting. Ripple is held 
to a maximum of 5 volts. Each unit 
weighs 75 lbs. Rectifier unit is 25 in. 
high, 20 in. wide, and 28 in. deep.— 
Engineering Products Dep't, Scien- 
tific Instrument See., Radio Corp. of 
America, Camden, N. J. 

Mention No. 249 when filling out card. 






Regulated D-c. 
Power Supply 


New “Model EA-50A” regulated d-c. 
power supply is continually variable 
in output voltages from 0-500 d.c. Rip- 
ple is less than 10 mv. Other features 
are: Power input, 105-125v., 60 cps.; 





6.3 v. at 10 amp. (non-regulated) a-c. 
output; 1 percent regulation between 
30 and 500 v. percent regulation be- 


tween 10 and 30 v. Unit is mounted 
n relay rack or cabinet.—Chatham 
Electronics Corp. 475 Wash mgtor St. 


Newark 2, N. 


Mention No. 250 when filling out card. 


Variable Electronic Filter 


New “Model 302” 
able electronic filte: 
ously-variable cutoff 
200 Each section 


dual-section vari- 
has a continu- 
from 20 cps. to 
has an attenua- 


1 
KC. 
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uments 








tion rate of 18 db. per octave, and sec- 
tions can be cascaded to provide 36, 
54, etc. db. attenuation. A range switch 
selects type of section desired, high- 
pass or low-pass, as well as four dec- 
ade-frequency ranges. Any bandwidth 
between 20 cps, and 200 ke. can be se- 


lected.—Spencer-Kennedy Labs., Inc., 
186 Massachusetts Ave., Cambridge 
39, Mass. 

Mention No. 251 when filling out card. 


Volt-ohm-mil-ammeter 


New “Model 630-A” laboratory-type 
volt-ohm-mil-ammeter with mirrored, 
hand-drawn scales on 5.5 in. indicator 
has six d-c. volt ranges from 0 to 
















6,000, at 20,000 ohms per volt; six a-c. 
volt ranges from 0 to 6,000, at 5,000 
ohms per volt; five d-c. current ranges; 
decibels; output; and resistance ranges 
from 0 to 100 megohms, (compen- 
sated for greatest accuracy). Resistors, 
shunts, rectifier, batteries are housed 
in a molded base integral with switch. 

-The Triplett Electrical Instrument 
ge Bluffton, Ohio, 


Mention No. 252 when filling out card. 


Constant-frequency 
Generator 


New “Correlator,” essentially a con- 
stant-frequency signal source with a 
variable-intensity output which is me- 
tered and fed to a specially-designed 
vibration head, feeding to vi- 


permits 





bration-measurement devices, a vj ra. 
tion of known frequency and inten. jt, 
An acceptable standard of noise o) yi. 
bration can be expressed in tern 
instrument output and can be repro. 
duced at will, regardless of variation 
of line voltage, temperature, humidity. 
location, ete.—Aircraft Electro. ics 
Associates, Inc., 1031 New Britai 
Ave., Hartford 10, Conn. 

Mention No. 253 when filling out card. 


























Line-operated 
Resistor-testing Bridge 


New Resistance Percentage Bridge. 























































designed for testing and calibrating at 
precision voltage-dividing _ resistors. hi 
measures the percentage of total po- al 
tentiometer resistance tapped in at 3 
pi 
m 
in 
E 
Pe} 
} 
us 
6f 
ti 
1 
Pp 
any mechanical setting of the resistor $s 
wiper arm. Accuracy is better thar se 
0.01 percent at all settings from 0 t uF 
100 percent of total resistance. In- A 
strument incorporates a modified } 
Wheatstone bridge circuit, matching 
voltage drop across selected standard 
resistors against the voltage dro; 
across a resistor under test. Accura 
is not affected by the rating of resis- 
tor under test or by normal variatior 
in supply voltage. Instrument operate: re 
from 110-volt a-c. power or from si 
low-voltage d-c. source. Plug-in cor te 






nections are provided for an externa 
galvanometer.—Specialties, In 








Skunks Misery Road, Syosset, L. 
N,.7. 
Mention No. 254 when filling out card 







40-240-Mc. Amplifier 


New “Model 212TV” amplifier, d 
signed for television use, is a sing 
untuned amplifier having a bandwidt 
of 40 to 240 Me. and a gain of 20 ] 
into a 72 ohm unbalanced load, and 25 : 4 
db into a 300 ohm balanced line. Capa 
ble of replacing up to twelve single 






























TV or 


FM amplifiers, 
transmission characteristic within 


channel it | 
over bandwidth and an impedance: 
200 ohms. Transformers can be sup 
to match 52, 72, and 93 ohm unbalar 
300 ohm balanced lines.—De) 
Spence) Kennedy Labs., Inc., 186 } 
sachusetts Ave., Cambridge 39, Mas 
No. 255 when filling out ca 
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Sweep-generator-output 
Adaptor 


New “Type ST-8A” balanced output 
daptor, developed for use with 
maker’s “Model ST-4A” sweep gener- 










Midky gl) ) 4 














ator, makes balanced output available; 
has been designed to give flat and bal- 
anced output when working into a 
300-ohm resistive load. Vernier out- 
put control of sweep generator, nor- 
mally incorporated in output cable, is 
incorporated in adaptor.—Commercial 
Equipment Div., General Electric Co., 
Syracuse, N. Y 


Mention No. 256 when filling out card. 


Signal Calibrator 

New “Electro-Cal” signal calibrator, 
using power-line frequency, provides 
60 eps. sine wave voltages in 8 con- 
tinuously-variable ranges from ( to 
1000 mv., and one 0-5 volt range. Out- 
put is read directly on millivoltmeter 
scale with proper multiplier used. Sen- 
sitivity is 1000 ohms per volt.—-Jndus- 
trial Electronics Inc., 2457 Woodward 
Ave., Detroit 1, Mich. 

Mention No. 257 when filling out card. 


Dual-operated 
Insulation Tester 
New combination hand-crank and 
rectifier-operated insulation tester con- 
sists of “Meg” type constant-pressure 
test set and a separate rectifier which 





supplies 500 v. d.c., from any 115 v. 
1.c. 60 cps. outlet. One cord from hand- 
ink instrument and another from 
ctifier to an a-c. outlet eliminates 
operation.—James G. Biddle Co., 
6 Arch St., Philade Iphia 1, Pa. 
ntion No. 258 when filling out 





Me 


High-resolution 
Count Detectors 


w “Models 607 and 608” 
1 photo-electronic count detectors 
housed in cast aluminum for in- 
rial usage. “Model 607,” contained 
two identical housings, by inter- 
ging lenses of units gives a par- 
beam of 0.5 in. dia. which can be 
at distances up to 6 feet or a 
sed spot, 0.125 in. dia., obtained 


high- 


n two units are 6 in. apart. “Model 
is an integral unit. A fine focused 
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MOISTURE FORMATION ... like 
that whieh damages your insiru- 
ments once forced a famous 
watch manufacturer to scrap pre- 
cision parts worth thousands of 
dollars each week. Part of the solu- 
tion was a Kemp Dynamic Dryer to 
dry compressed air to a final dew 
point of 0° F. Now, the moisture 
problem is gone and _ production 
increased! 


SIMPLE OPERATION 
Kemp Dynamic Dryers are flexible 
... Offer manual, semi-automatic or 
automatic operation. Desiccant is 
especially selected and compounded 





OF BALTIMORE 





| 

| 

| 

| 

CARBURETORS | want the facts on drying _ oir gas liquids | 
BURNERS | | 
FIRE CHECKS | Nome. | 
ATMOSPHERE & INERT | | 
GAS GENERATORS | Company 
ADSORPTIVE DRYERS | Pena | 
METAL MELTING UNITS | l 
SINGEING EQU aeecing | City Zone State | 
AL EQUIPMENT | | 


eliminated these hazards! 


THE C. M. KEMP MFG. CO., Dept. J-2, 
405 E. Oliver St., Baltimore 2, Md. 


Gentlemen: Please send me Information Bulletin D-27. We 


for the particular duty. Units are 
available for drying air, gases or 
liquids . . . for controlling humidity 
in large or small areas. Choose 
gas, electric or steam regeneration 

with or without cooling units. 


GUARANTEED PERFORMANCE 
No matter what your moisture con- 
trol problem may be specify 
Kemp first. Chances are there is a 
standard design that will be ideal 
for your plant . and at the same 
time save you money! Performance 
to your specifications is guaranteed! 
For full information mail 
for special bulletin. 


coupon 


* names on request 


DYNAMIC DRYERS 


arv L950 





spot 0.0625 in. dia. is obtained midway 
between light source and _ detector. 
Parts as small as 0.001 in. balance 
wheel screw have been counted. De- 
tectors are completely sealed and pro- 
vide pulse output which is required 
to operate high-speed’ electronic 
counters.—Potter Instrument Co., 
136-56 Roosevelt Ave., Flushing, N. Y. 
Mention No. 259 when filling out card. 


Alpha-particle Counter 


New “Model 
proportional 


2111” portable alpha- 
counter detects only al- 


pha in presence of other radiation, and 
includes an integrating circuit to show 


>) 


N 


average-count rate on a built-in meter. 
Several types of probes are available. 
A pushbutton is provided to reset 
meter after exposure to a strong al- 
pha source. A feature is the plug-in 
four-tube circuit which is easily re- 
moved for servicing. Weight is sixteen 
pounds.—Nuclear Instrument and 
Che mical ( orp : Eric St., Chi- 
10, Ji) 


No. 260 when filling out card. 


cago 
Mention 


Scale-of-ten Scaler 
and Register 
New “SC-7, 100” sealer is based on 
scale-of-ten so that it is possible to 
read results directly without interpo- 
lation. Instrument is provided with a 


Bs 


ie 
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4-in. high-voltage meter. Coarse con- 
trol allows a continuously-variable ad- 
justment of Geiger tube voltage from 
350 to 2200. Range of fine controls 
is 0 to 200 v. Power supply percent 
change in output is less than 0.025 per 
change in line voltage of 1 percent. 
Provisions are made for connecting an 
electrical stopclock so that time re- 
quired for reception of impulses may 
be accurately measured. Coincidence 
loss at high counting rates is deter- 
mined by dead-time of  register.— 
Tracerlab Inc., 130 High St., Boston 
10, Mass. 

Mention No. 261 when filling out card. 


Reset-type Register for 
Radioactivity Counters 


New “Model 1238” electrical-reset 
register permits a choice of three 
types of actuation and can be reset au- 
tomatically with a switch on front 
panel or from remote contacts. Count- 
ing from 1 to 999,999 at up to 12 


counts per second is possible. Actua- 
tion is obtained with as little as 10 ma. 
at 50v. Unit operates on 105-125 v, 50- 
60 cps. aud draws 5 watts normal, 30 
watts max. during resetting.—Atomic 
Instrument Co.. 160 Charles St., Bos- 
Mass. 


Mention No. 262 when filling out card. 


ton, 


Mica-window Counter 


New “Mark 1” beta-ray counters, 
available in two models, are said to 
have exceptionally long life, with no 
perceptible change in characteristics 


. 


“¥: 


up to four trillion counts. Both models 
have a threshold of about 1600 v. and 
a plateau of about 200 v. “Model 3X” 
has a 1.125-in. window with a thick- 
ness of 3 to 4 mg. per sq. cm., while 
“Model 4X” with a 2-in. window has 
a thickness of less than 2 mg. per sq. 
em. ~Radiation Counter Labs., Ine., 
1844 W. 21st St., Chicago 8, Ill. 


Mention No. 263 when filling out card. 


Radioactivity-type 
Ore Detector 


New “SU-7” detector, designed for 
field use in prospecting for all types 
of radioactive unaffected by 
moisture; will after having 
been submerged in ten feet of 


ores, is 
operate 
ovel 


water. Probe, mounted at end ; 
flexible 30-in. cable, permits explora. 
tion of crevices and small bore holes 
Only battery requiring relatively fre. 
quent renewal is a standard flashlight 
cell. Instrument is equipped with ear- 
phones and shoulder belt.—Trace//a/ 
Inc., 130 High St., Boston 10, Mass. 


Mention No. 264 when filling out card 


Radioactivity Survey Meter 


New “SU-5” Beta-Gamma_ Surve 
Meter is portable, battery-operated 
and weatherproof; uses a_ sensitiv 
thin-walled Geiger tube as detecting 
device, mounted in a detachable prolx 
Instrument is equipped with two sets 
of scales, enabling readings to be mad 


milliroentgens px 


9 


in terms of both 
hour in ranges of 0.02, 0.2, 2.0, and 
or 100, 1000, 10,000 and 100,000 counts 
per min. A removable probe 
with a wall of 1300 mg. per 
permits separate measurement 
gamma radiation, in presence of bet: 
radiation with energies of up to 2.5 
Mev. With probe shield removed, beta 
rays as low as 0.3 Mev. can be dé 
tected by Geiger tube which has a thir 
wall section of only 30 mg. per sq. cm 
Meter drift is than 0.05 percent 
per hour and battery life is 240 hours 
Tracerlab Inc., 130 High St., Bost 

10, Mass. 

Mention No. 265 when filling out card 


shield 


Sq. Cc! 


less 


Cosmic-ray Counters 


New line of cosmic-ray coun 
tubes standardizes on 1 in. dia., and 
lengths of 12, 20, and 6 in. as respec- 








bes are argon-ethyl ether filled; 

ploy copper cathodes; operate at 
00 v. Standardization has resulted 

a new low price for these tubes.— 
Radiation Counter Labs., Ine., 1844 
iW. 21st St., Chicago 8, Ill. 


Mention No. 266 when filling out card. 


i preferences of workers in the field. 





Radioactivity-hazard 
Survey Meter 


New “Model D-1” radiation-hazard 
survey meter is an eo ogg tina bat- AY 
tery-operated pistol-grip instrument VW 0 d OUYV Ce 
whose predecessor has been widely y an 
used and known as “Cutie Pie.” Ion 
chamber is approximately 600 cc. in 
volume and is constructed of bakelite 
tubing. 3 in.-dia. Pliofilm window at | 


ior tg 
holes 
y fre. 
shlight Vw 

h ear. ; ‘ ” 

sorta de | of America’s foremost 


on a weather instruments 


[eter 


=| I BENDIX-FRIEZ 


» Sets 


mad 


end of chamber has a thickness equiva- 

lent to 1 mg. per sq. cm. and is pen- 

etrated by beta and gamma radiation 

of 50 kev or greater. Electronic por- 

tions are contained in a cast-aluminum 

case. Batteries are contained in handle Precision Humidity and Temperature Indicator. Hair- 
section. Positive internal pressure is amas : : a 
maintained by gradual sublimation of operated and calibrated to professional standards of 
a naphthalene moth ball mounted in accuracy by the maker of the world’s finest weather 
case and thus avoids usual difficulties E 

encov 1} in high-humidity opera- 
tn at ded Severna eae ae , : ‘ 
¢ i peace atone Miers cai wide, 1544” deep—desk or wall mounting. A genuine 
per hour are provided. Instrument is precision indicator, reasonably priced. 

accurate to within 19 percent of full 

scale on all scales.—Radioactive Prod- 

ucts, Ine., 3201 E. Woodbridge St.,; De- 

troit 7, Mich. 


Mention No. 267 when filling out card. 


instruments. Handsome, modern case —4” high, 542” 


Radioactivity Count-rate 
Indicator 


New “Type EMA-6”  count-rate 
neter will indicate average number 
f pulses per unit of time produced by 
a Geiger-Mueller counter or other suit- 
ble detector in presence of nuclear ra- 

itions. It operates from 115-v. 60-cps. 


WRITE: 
FRIEZ INSTRUMENT DIVISION of 
1308 Taylor Avenue, Baltimore 4, Maryland aviavien conpokarion 


Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 
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M a-c. power line. Indicator is calib: .t. 
————— baertrer— ———____—— —— in units of ten, and displays full- ¢; 


ale 
counting rates of 10, 100, or 


TOOLMAKER MICROSCOPE counts. Provision is made for plug-ving 
in earphones to provide audible nd. 
. cation of counting rate. Unit is de. 
with signed for use in conjunction with y 
tually any known type of radiatio 
ROTARY STAGE tector and includes a_high-vo 
power-supply system which car 
varied over a range of 0 to 25( 
Equipment measures 13.5 by 6.75 } 
9.5 in. overall, and weighs approxi. 
mately 10 lb.—Scientifie Instru 
Sec., RCA Engrg. Products Dey’: 
Radio Corp. of America, Camden, N.. 


Mention No. 268 when filling out card 


Gamma Survey Indicator 


New “Model K-350 Gamma Survey 
Meter” has a_ scale-changing instru 
ment with only one range visible a 
a time. Separate scales for five ranges 





are: 0-5, 0-50, 0-500, 0-5,000 and 0- 
50,000 mr. per hr. Unit is immersior 
proof and has a 10 percent accura 
over an operating range from -10 t 
125 F. Warm-up time is negligibl 
One-thousand hour batteries furnis! 
power.—Instrument Div., The Kelley 
Koett Vig. Co., 12 E. 6th St., Coving 

Especially useful for checking gear tooth spacings, laying out cam ton, Ky. 

contours, and in performing numerous other precision measurements Mention No. 269 when filling out card 

in either rectangular or polar coordinates. 


Stage Rotation 360° 
Direct reading to 1 minute Alpha and Beta Counters 
Coordinate Range 4x2 inches New “Models PC-2A and PC-2B 
proportional counters for alpha and 
Direct reading to 0.0001 inch beta radiation respectively feature low 
background count rates of one per hour 
Write for Bulletin 147-14 for alpha, and about five per minut 


for beta radiation. Since no windows 
THE GAERTNER SCIENTIFIC CORP. 
1211 WRIGHTWOOD AVE... CHICAGO 14, ILL... U. 8. A. 





NEW AIR METER 


FOR HIGH-ACCURACY AIR VELOCITY MEASUREMENTS 


Read directly from the palm of your 
hand, Hastings Air Meter registers 
ranges from 5 to 6,000 fpm.. . 
weighs only 24 ounces. Powered by # 
110 volt or portable supply. 

Write for Bulletin I-10 


are used, a full 2pi geometry is real 
Maximum sample size is 2.25 in. 


HASTINGS INSTRUMENT CO., : by 0.5 in. thick. Commercial argo 


used for counting chamber. Gas 


control and timing are automat 
; Nuclear Measurements Corp., 
Central Ave., Indianapolis 5, Ind 
i ee 3 Gee 2 eS HAMPTON, VIRGINIA : 


Mention No. 270 when filling out card 
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\lpha-particle Counter 


j w “Model 501” alpha-counter 
allows uranium and thorium ores to be 
B quickly, qualitatively, and quantitatively 
= analyzed, when radioactive content is 
as iow as a fraction of one percent. 
Counter utilizes efficient optical system 
and phosphor screen to provide a statis- 


tical count of alpha-particle scintilla- 
tions and may be used under subdued 
white or red light. Unit comes complete 
" with luminescence-quenching filter, ra- 
© dioactive samples, aluminum carrying 
P case, and_ instructions.—Clarkstan 
 Corp., 11927 W. Pico Bivd., Los Angeles 
» 64, Calif. 


Mention No. 271 when filling out card. 





q Radioactivity Indicator 
' New “RCL Nucleometer, Scale 
| Type” is a complete instrument (Fig.1) 
F for counting alpha, beta, or gamma 
» radiations with a resolution loss of less 
than 2 percent at 100,000 counts per 
' minute. Either an internal-type counte? 
» with 50 percent geometry or an exter- 











nai type counter with an aluminum- 
foil window of less than 2.5 mg. per 
» ‘4. cm. are available. Gas supply is 
» regulated and normally lasts 4 to 6 


: 
2 


rm months on one tank. Instrument is 


gals supplied without scaler (see Fig. 
= -.)—Radiation Counter Labs., Inc.. 
p 1844 W. 21st St., Chicago 8, IIl. 

Mention No. 272 when filling out card. 


Gamma-survey Detector 
v “Long-probe gamma-survey 
’ can be used for monitoring areas 
hich radioactivity is suspected. A 
sensitive electronic tube is located 





! 
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_ An Enviable Record of Performance and Dependability! 


The INDUSTRIAL and TELEVISION 


OCKETSCOPE 


BY WATERMAN 





























A “standard” and a “must” wherever 
a dependable, versatile, portable 
AC-DC oscilloscope is required for 
electronic measuring or testing. 











Model S-11-A 









AND NOW... new companion 
| products in keeping with the rigid Waterman standards of 
| engineering excellence... THREE NEW POCKETSCOPES will 
be unveiled in a premiere showing at the IRE Radio Engineer- 
ing Exposition... 






















































eit 


A SIMULTANEOUS ) 4, Ficcironic 


| Poe = DUAL-TRACE > Milestone You 
: oEW POCKETSCOPE =| Must See! 


i Eicon A WIDE BAND ( To Fill a Multitude of 
ee POCKETSCOPE ! \ Engineering Needs ! 
ner | AHIGH GAIN} 
/ M tile... 
eS INDUSTRIAL ee 
reater Utility | 
“ew. POCKETSCOPE | 
£ Proudly bearing the heritage of the famed S-I]-A 
POCKETSCOPE, these new instruments include such features as 
10-times more sensitivity ...non-frequency discriminating vol- 
ume controls...trigger sweep...and many other important 


; odded features. You must see these wonderful new instruments 
IN ACTION—at the show—to truly appreciate them! 


ave on WATERMAN PRODUCTS CO., INC 


MANUFACTURERS OF 


POCKETSCOPES...RACKSCOPES...D.C. AMPLIFIERS 
























RAYONIC TUBES AND OTHER ELECTRONIC TECHNICAL EQUIPMENT 
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DIRECT WEIGH 


The New Type 9? 
Calibrating Stand 


@ Inherent Accuracy 

@ Resu'ts in Pounds 

@ Weight and Time cre Automatic 

@ One-Man, Continuous Operation 

@ Rugged Construction for Portability 
@ No Temperature Corrections 


@ No Density, Pressure, Volume or 
Measurements 


@ Vonor Sealed & Exnlosion-Proof 





is the DIRECT WAY 


... to measure rate of flow. 


Cox Flowmeter Calibrating Stands uti- 
lize a primary method in the Direct 
Weighing System which is d:rectly sensi- 
tive to the two fundamental factors 
determining rate of flow—weight and 
time. 


Direct Weighing in which weight and 
time are automat.c, has been developed 
through long experience in the manufac- 
ture of stands for calibrating Cox pre- 
c's‘on fuel flowmeters for the automotive 
and aircraft industries. 


Direct Weighing means outstanding 
simplicity of operation. It includes many 
long standing refinements which avoid 
the errors of ordinary weighing due to 
manual timing, knife edge and other fric- 
tion, flexing of hoses, buoyancy of sub- 
merged parts, kinetic affects, and other 
practical factors. 


Direct Weighing is combined with 
uniquely effective flow control, and many 
other features found necessary to accu- 
rate and rapid flowmeter 
Instruments in service, including many of 
the earliest models, have proven to be 
good investments and continue to pay 
dividends in reliability and efficiency. 


Write for Catalogue IM-3 


Area 


COMMERCIAL RESEARCH LABORATORIES, DETROIT 3, MICHIGAN 


Makers of [COX INSTRUMENTS) Since 19]2 


calibration. 








‘a —, 


application 


STANDARD OF THE WO 


ber of 
stress to a po 
continuous! 
no standa 


in a selected 


‘\-/a bourdon tube of 


special design for every 


HEISE GAUGES 


at maximum 
design. Every Heise Bourdon tube 
is designed for maximum stability and accuracy 


Three sizes: 8 
ranges from 0-15 to 0-10,000 psi. Prices from 
$151.60 to $211.20. Write for catalog. 


Heise Bourdon Tube Company, Inc. 
Newtown, Connecticut 


ML 


y= ssnarare 





RLD 


Heise pressure gauges employ an infinite num- 
Bourdon 


tube designs to reduce fibre 
uge can be used 
ration. There is 


int where the 


e and pressure medium. 
in., 12 in., and 16 in., in 
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at tip of probe. Attached to tube ; , 
phosphor which gives off light in p. es. 
ence of radioactivity. At other en: of § 
instrument, a meter is activated by f 
amplified current from tube to registe; 
amount of radiation exciting phos) jo; 
four feet away. Instrument is pow red FH 
by batteries, and carried over operat’ 
shoulder.—General Engrg. & Consu!’ ing 
Lab., General Electrie Corp., Sche vec 
tady 5, N.Y. 


Mention No. 273 when filling out card 





Radioactivity Monitor for >> 
Workers’ Hands and Feet 


New “EMA-2B Hand and Foot Moni 
tor” measures simultaneously extent 


beta and gamma contamination 0; : 
hands and feet of those engaged in han. [Re 
dling radioactive material, while com be 
pensating automatically for background i 

Zz 





radiation. Subject steps onto foot pos 
tions on platform and presses his han 
down on base plates in cavities. Plates 
operate switches which start tulx 
counting. After a 15- to 90-sec. cou 
ing cycle, appropriate green, yellow, 
red indicating lamps reveal degree an 
location of contamination.— Lugin 
ing Products De p't, R¢ ‘A Victor D 
Radio Corp. of America, Camden, N 


Mention No. 274 when filling out card 


Industrial Electron Tubes 


New “Types 5691, 5692 and 569 
electron tubes suitable for industria 
services where dependable operatiol! 
and a life up to 10,000 hours is re 


quired feature ability to resist impact 
shocks of 100 G for prolonged per 
500 G for short periods and 2.5 G 
ing continuous vibration at 20 





operated at 


being 
rated voltages. “Type 5691” is a hgh- 


while maxi! 
triode for 
use and_ supplied 
heaters; 5692”, a medium-mu 
triode with series-unit heaters 
able for balanced d-c. amplifier, 


voltage-amp 


with  series-iinit * 


mu twin 











for 
‘eet 
Moni- 
ent of 
nm on 
n han- 
; com- 
‘round 
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UM RA SENSITIVE 


ELECTRONIC 


RELAY 





FEATURES 


SENSITIVE — Relay action initi- 


ated by external contact as 
high as ONE MEGOHM with 
current as low as 1/10000 
ampere. 

LOW COST — Electronic sensi- 


tivity and features at a cost 
comporable to ordinary relays. 


SMALL SIZE — Mounts on a 
standard 4 inch electrical con- 
nector box. 


DEPENDABLE — Simplified cir- 
cuit plus silver relay contacts 
assures long service life. 


ECONOMICAL — No tube fila- 
ments to consume power during 
‘OFF’ cycle. 


VERSATILE — High contact pres- 
sure on silver contacts allows 
conservative rating of four (4) 
omperes, with a choice of either 
opening or closing a circuit, or 
to simultaneously open one and 
close another. 

AUTOMATIC HOLD CIRCUIT — 
Connecting terminals provide a 
choice of conventional relay ac- 
tion, or allow a momentary 
contact to energize relay and 
cause it to automatically remain 
energized until manuolly reset 
by ‘Reset’ switch. 


APPLICATIONS 


LIQUID LEVEL CONTROLS 
SAFETY ALARMS 

STOP MOTIONS 

DROP WIRE DETECTION 


Sew Tl 


products co 


4 Godwin Ave. - Paterson, N. J 








ti-vibrator, blocking oscillator and re- 
sistance-coupled amplifier applica- 
tions; and “5693”, a sharp cut-off pen- 
tode designed particularly for high- 
gain resistance-coupler amplifier serv- 
ice. “5693” may be operated with num- 
ber 1 grid-resistance values up to 40 
megohms.—Sylvania Electric Products 
Inc., 500 Fifth Ave., New York, N. Y. 
Mention No. 275 when filling out card. 








Subminiature Amplifier 
Tubes 
New “Types 6AD4 and 6BA5” tri- 


ode and pentode subminiature tubes 
designed for use as Class A a-f. am- 





plifiers or resistance-coupled a-f. am- 
plifiers have a mutual conductance of 
2700 and 3300 micromhos respectively. 
Both tubes are enclosed in T-3 en- 
velopes and are supplied with 6.3-v., 
150-ma. heaters.—Radio Tube Div., Sy!- 
vania Electric Products Inec., 500 5th 
Ave., New York, N. Y. 


Mention No. 276 when filling out card. 


Electropneumatic Timing 
Relay 


New “Bulletin 849” pneumatic tim- 
ing relay, available for a.c. or d.c., 
utilizes a synthetic rubber bellows for 
controlling tripping time. Range is 
easily adjustable from 10 cycles to 3 
minutes, with accuracy of 10 percent. 
Relay resets instantaneously. Per- 


formance is unaffected by tempera- 





ture, humidity, or vibration. One set 
of quick-make and -break d-p. contacts 
is normally open and one set normally 
closed. A duplicate set of contacts for 
pilot contro] can also be provided, ac- 
tuated directly from solenoid. Unit can 
be changed from “on-delay” to “‘off-de- 
lay” operation by simply inverting sol- 
enoid.—Allen-Bradley Co., Milwaukee, 
Wis. 


Mention No. 277 when filling out card. 


Low Cost, Versatile 


FLOWRATOR 
flow meter in the 
pipeline ... 








measures & indicates 
flow rate directly 





and accurately. 





These meters require no 
straight runs of pipe... 
straightening vanes... 
orifices ... 

orifice taps... 
overload protection... 
mercury or other secon- 
dary fluid. Pressure loss 
is low and constant for 
all flow rates. 


For — Clear or opaque 
fluids 

Max. capacities — 

0.64 cc/min to 250 gpm 
water equivalent; 35 cc/ 
min to 500 cfm air at 
standard conditions 


(Min. is 4» of selected 
max.) 

Pressures—to 1000 psig 
Temperatures—to 350°F 
Materials of construc- 
tion—aluminum, brass, 
bronze, copper, carbon 
steel or meehanite iron, 
316 stainless steel and 
others. 

Accuracy —2% of the 
instantaneous flow, or 
better 

Connections — screwed 
or flanged 






























} PLEASE SEND CATALOG 253 
’ Name 

’ Position 

» Company 
> Street 
City 


FISCHER & PORTER CO. 


Dept. OM-5C Hatboro, Pennsylvania 
PROCESS CONTROL . INSTRUMENTS 


State 


| 
| 
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AT 
YOUR 


SERVICE 


.-- Our New Plant's Expanded Manufacturing 
and Technical Facilities 


Your needs are immediately and carefully met by our 
staff of trained technicians operating our own modern 
equipped plant and laboratory. Our staff engineers are 
constantly developing and testing new products to offer 
you the latest and best in electronic equipment. 


MEASURE DYNAMIC or STATIC DISPLACEMENT, 
; VIBRATION or MOVEMENT 


The DYNAMIC MICROMETER is 
the only accurate electronic in- 
strument for measuring radial 
displacement, static distance, 
movement and other irregulari- 
ties of rotating or vibrating 
»bjects. Sensing unit re 
es no physical contact with 
livisions of 1/10,000 inch 
static distance, but amplitude of 
0001 h. Guaranteed 











racy .0002 inch 


Write for detailed literature today! 
Pioneer Manufacturers of Electronic Equipment 


ELECTRO 


EIP ; PRODUCTS LABORATORIES - INC 


4505 North Ravenswood Avenue 
Chicago 40, Illinois 


















Thermopiles 


For many years the thermopile hos 
been the accepted instrument for meas- 
uring Radiant Heat from Radiant Heaters 
at the American Gas Association Testing 
Laboratory in Cleveland, Ohio. Since 
1930, when Vandoaveer first described his 
work in this field,* an Eppley thermopile 
has been used for this purpose in hun- 
dreds of tests and the results have been 
consistent and accurate to within 1 per 
cent. 

This is but one of mony applications in 
the field of radiant energy measurements 
for which Eppley Thermopiles are ideally 
suited. They may be obtained with win- 
dows of different materials, and various 
types of black are available for receiver 
coatings. 

All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a Stand- 
ard Lamp from the National Bureau of 
Standards. 

If you have a problem involving the 
measurement of radiant energy we invite 
you to write us, describing your problem 
in as much detail as possible. We will 
be glad to make recommendations and 
there will be no obligation. 

*Vandaveer, Industrial & Engineering 
Chemistry, Vol. 22, page 596, June 1930. 
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CATALYTIC PROCESSES 
Continued from page 135 


cyclic change of load on the synthetic crude tower an 
the rate of production of gas. With this simple arrange: 
pressure regulation has never been completely steady 
the other hand, a cyclic swing of approximately 2 psi; 
pressure is of no consequence process-wise. 

It will be appreciated that the efficiency of purging o! 
reactors between regeneration and on-stream periods i 
tremely important since incomplete purging would obvi: 
present a hazard. Purging of the reactors is accompli 


by evacuation with steam jet ejectors. Each reactor is ; 
vided with a pressure-vacuum indicating instrument loc: 


near the reactor and a pressure-vacuum recording in 


ment in the control room. The indicating instrument 


equipped with a Mercoid switch which is connected to 
cycle timer circuit in such a manner that it will caus« 


Fig. 8 


timer to be stopped if in the allotted purging time th« 
solute pressure on the reactor is above 10 in. Hg. If 


timer stops on such a vacuum test impulse, an audil 


alarm is given in the control room. 


FLOW REGULATION 


The regulation of flow of the oil feed to the reactors 
the products from the synthetic crude fractionating t: 
is conventional in every respect. A relatively constant 
generation air flow rate is assured by the inherent perf: 
ance characteristics of the turbo-compressor. For sur 
purposes it often is desirable to know the regeneration 


rate and, consequently, flow recorders have been installed 
numerous plants. These meters have been actuated by Pit 


tube or orifice-plate differential. Owing to the large 
of the air lines (many of these lines are 36 in. in diame 
and the general arrangement of the equipment, it has 


dom been practical to provide the desired run of straig! 


pipe for the best meter installation. However, since 
metering installation is not vital to the control of the | 
ess, it has not been considered necessary to improve 
set-up. 

Likewise, in the transfer salt 


regulation of heat 
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We proudly announce the selection of the Wheelco 
deflection type Capacilog for a Certificate of Award in 

the 11th Annual Electrical Manufacturing Product 

Design Awards Competition. In presenting the 

story of the award-winning design of this temperature 
recorder to its readers in its October Product Design Number, 
Electrical Manufacturing highlighted these salient features: 


“Simplicity in design—achieved by using 
standard components, complete a-c circuit 
operation, permanent-mold castings 

and plug-in subassemblies—combined with 
a sensitive direct-measuring system 
produced a lower cost instrument with 
operating advantages over conventional 
potentiometer-type recorders.” 


Wheelco Instruments Company 
833 W. Harrison Street + Chicago 7, Illinois 


WHEELCO IS HONORED 





Jury of Award 


Frank J. Oliver, Editor, Electrical 
Manufacturing 

C. Higbie Young, Professor-in-charge, 
Dept. Machine Design, The Cooper 
Union School of Engineering 

J.J. Jaeger, Research Engineer, Pratt & 
Whitney, Division Niles-Bement-Pond 
Company 

William O'Neil, Industrial Designer 

D. F. Schmit, Vice President and Director 
of Engineering, RCA Victor Div., 

Radio Corp, of America 
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special instrumentation has not been required. The des 

oe é a ; amy the salt system includes a geometrical symmetry amo: 
rROUBLE FREE” parallel reactors such that uniform distribution of th: 
ing salt through all parts of all reactors is assured. 
reactor contains about 600 vertical salt cooling tube a 
blies arranged in parallel in common tube sheets. Eac 
assembly consists of an outer tube and an insert tul 


the top of the insert tube is a fixed orifice for cont) 
the rate of flow of salt through the tube assembly, 
enters the bottom of the insert tube, flows upward t} 


SELF-OPERATING REGULATORS the orifice and then by gravity returns down the a1 
and DIAL THERMOMETERS space between the insert and outer tube to the salt 


zone of the reactor. Early in the development of the «; ny 
Constant Temperature Regulation for 


* HOT WATER TANKS * PASTEURIZERS © PRE-HEATERS 
* STORAGE ROOMS °* VATS « PLATING TANKS 
* COOKERS * FEED WATER HEATERS * WATER JACKETS 


Cut your processing costs to a new low with the Trerice Self-Operating 

Regulator. This dependable, experience-proven 

regulator provides trouble-free control . . . 

eliminates over-heating! Saves you steam, fuel 

and labor while aftording improved “quality 

control” over your product. Your low, initial 

investment in the Trerice Self-Operating Regu- 

lator and its companion piece, the Trerice Dial 

Thermometer, will be repaid many times over 

during their first year of service. 

WRITE DEPT. A-15 FOR BULLETINS 500 AND 1000 
. eae ‘ 2m Qemuaren r i 
fj-sesm | )} sige @ ~ € 
' = ~ | 
bao =, emcaaven S os, , 


™ STtam 
THERMOMETERS THERMOMETERS, TRAPS PRESSURE GAUGES 


H. O. TRERICE CO. since 1923 


1420 W. Lafayette Bivd. « Detroit 16, Michigan 

is Psa samy ae osienyevargane! 3 of this system, it was apparent that steps would have | 
eiionpdls o Malameneh 6 Cameos Ciy © tes Aageles ¢ tiweenes be taken to prevent vapor binding of individual tubes and 

New York © Toledo * Toronto, Canodo consequent lack of uniformity of salt flow through all tubes 
The annulus through which the salt returns does not ru 
full and, consequently, the molten salt has a tendency t 
entrain more or less of the vapors that may be present ir 
the annular section, causing the differential across the cor 
trolling orifice to vary in proportion to the extent of th 
“pumping” action. This effect is, for all practical purposes 








Fig. 9 








TRIMOUNT 
MANOMETERS 


for every Industry 


Trimount Manometers are 
widely used to measure dif- 
ferential and absolute pres- 
sures as well as rate of flow 
in equipment in the field and 
in the laboratory. 


Trimount’s line includes 
U-Tube and Well Type Ma- 
nometers, inclined Manom- 
eters, Draft Gauges, Indi- 
cating Flow Meters, Tank 
Liquid Level Gauges, and 
Micro Manometers. 


Electronic devices include: 
Dynamic Pressure Gauges, 
and a new Carrier System, 
Liquid Level Controls, Elec- 
tronic Pressure Controls, Bin 
Level Controls, and Pressure 
Cutoff Switches. 


Write for literature. 


Fig. 10 


completely nullified by maintaining a high vacuum on the 
entire salt return system with small steam jet ejectors. If 
the absolute pressure on the salt return system is mail- 
tained at less than about 5 in. Hg., the mass of vapor in the 
salt tube annulus is so small that any “pumping” tendency 
of the salt is negligible and the upstream pressure on the 
insert orifice is controlling. 


TURBO-COMPRESSOR 


AON mR. 5 A a NA A A a COM a 
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The subject of Houdry unit process control would not 
TRIMOUNT complete without a brief word of description of the turbo 
INSTRUMENT COMPANY compressor equipment which furnishes regeneration a'r fo! 


37 W. Van Buren St., Chicago 5, Ill. the process. From process considerations, it is necessary ' 
provide an essentially constant flow of regeneration : 
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STATHAM TEMPERATURE 
TEST CHAMBER 
MODEL TC-1 


The Statham Model TC-! Temperature Test Chamber 
is 8 compact, economical, and convenient temperature- 
controlled chamber for the rapid performance of 
ambient temperature variation tests. Thermostat con- 
trol, balancing heat against dry ice evaporation, 
permits any temperature between —65° and + 275°F 
to be maintained. 


Completely portable, the Model TC-i Temperature 
Test Chamber, which accepts a load volume of 600 
cubic inches, is ideally suited to the performance of 
ambient temperature tests on basic instruments, elec- 
tronic sub-assemblies, components, organic materials 





small equipment, etc. 


Please request Bulletin No. 5.1. 





9328 Santa Monica Bivd. ®@ 


WY Kor. V Naor es) SCIENTIFIC INSTRUMENTS 


Beverly Hills, California 
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D'ARSONVAL PORTABLE : 


GALVANOMETERS 


AND MOVEMENTS.. 


, Write for specifications ond prices on these 
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CLEAN DRY AIR 


CONDENSIFILTER 






Trademark 


Removes water and oil 
vapors by cooling. Auto- 
matically discharges con- 
densed vapors, filters air 
through seven layers of 
finest flannel. 


Filter cartridge, made 
of five concentric, expand- 
ed brass baskets, each 
wrapped with seven layers 
of canton flannel, fur- 
nishes over 15 sq. ft. of 
filter surface area 


Condensing section con- 
tains 68 ft. of %” o.d. 
copper tubing, providing 
great heat exchange area. 


Condensed vapors are 
automatically discharged 
through snap-action, float 
actuated, valve 





. Filter 
_ Removal of one 1'/2 Cartridge 
SAE nut dismantles en- 
tire filter for cleaning & 


Service. 


FOR INSTRUMENTS 





Condensing 
Section 


J. §. Patent 


2,355,37 





Trap 
Section 


SHIPPED READY TO OPERATE 


are Li Gh-ye), Mete) date] 7 walled, | 


1501 Beaver Ave. : 
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SEEPS aE 
NEW SOLDER REPLACES 
LITHARGE and GLYCERINE 


Cerroseal-35 hermetically seals the g/ass dome 
to metal fitting in this Absolute Pressure Gauge 
operating under 15 pounds differential pressure 
with the following advantages over litharge and 
glycerine seal: 


1. Does not pull loose under vibra- 
tion in service. 


. Not dissolved out by various 
vapors to which subjected in use. 


. Leak tight joint ready for test 
immediately after setting. 














4. Dome breakage eliminated. 


5. Less skill repuired for assembly. 


Cerroseal-35, an Indium solder, adheres directly 

to clean smooth glass, mica and some ceramics. 

Bonds to same metals as ordinary solders. Work- 

ing temperature — approximately 260°F. on 

glass—ideal for hermetic seal of glass dial cov 

ers on delicate instruments, vacuum seals in glass laboratory 
apparatus, etc 


Sample and 


instructions on 
request. 


CERRO de PASCO Copper Corporation 


Dept. 18 e« 40 Wall Street « New York 5, N. Y. 








PRECISION LATHES FOR SMALL WORK 


Ideal for second operations on instrument parts or other 
small pieces. 4” swing—collet capacity 5/16” or 3/16”. 
Send for Bulletin “F” containing a complete description of 
lathes and accessories. 


LOUIS LEVIN & SON, INC. » 762 EAST PICO BLVD. * LOS ANGELES 21 


Vol. 23 


Page 178—Jnstruments 


gardless of pressure drop variations in the system 
fouling of the reactor internals, etc. A multi-stag: 
flow air compressor fulfills this requirement. In a 
the process demands that the regeneration be con 
under pressure at about 45 psig. Since a standard | 
Fixed-Bed unit requires about 40,000 scfm. of regen 
air, it is apparent that the power requirements for a 
pression are sizable. Consequently, the applicatio: 
turbo-compressor assembly was conceived. 
Principally, the turbo-compressor machine consist 
hot gas turbine coupled directly to an axial flow ai 
pressor (Figs. 10 and 11). The hot gas turbine is 


Fig. 11 


by the hot regeneration gases returning from the reactors 
and the power output of the turbine is just about equiva- 
lent to the power requirement of the air compressor (Fig 
12). Connected to the compressor shaft through a set of re- 
duction gears are a motor-generator and a starting motor 
or starting steam turbine. The entire assembly operates at 
constant speed and in effect the motor-generator is the 
primary speed regulator inasmuch as it is wired to gen- 
erate electric power, or supply power to the turbo-compres- 


f 

| 455 hp 

1890 rpm 

| HO pag. Inlet 

OF, Superheat 

| 0 psig. Outlet 

| 47 Wey hp,/hr 
350 ft-lbs 
Startin 
tor 


qu 


925°F. iniet 


| 5180 rpm 
$7S8°F. Outlet 


3psiginiet | 
| O psig-Outler } 
| Excess Power: | 
} ee Me | 
925s 599 
| 83235 | 
1, Find 
sor assembly by operating as a motor, depending upon 
whether the power output of the hot gas turbine is greate: 
or less than the power requirement of the compressor. Th« 
starting motor or starting turbine is, as the name implies 
used to start the turbo-compressor assembly and bring its 
speed of rotation to the point where direct-fired burners i 
the air system may be lighted. The firing of the burners 
is then gradually increased until rated speed is attained 
and the Houdry unit goes on stream. Thereafter, the heat 
content of the regeneration fumes supplies most, if not all 
of the power required to make the turbo-compressor self- 
sustaining. Thus, the hot gas turbine-axial compressor ma- 
chine operating at constant speed fulfills the process re- 
quirement of a constant rate of flow of compressed regen- 
eration air and the process itself furnishes the power r 
quired for compression. 





Spencer’s New Book 


Is Out! 


See Page 207 
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OSED TENTATIVE STANDARD 
SSSURES FOR PNEUMATIC CON. 
28 AND TRANSMISSION SYSTEMS 
tecorder-Controller Section of 

tifie Apparatus Makers Association 


WORD: Recorder-Controller Section of 

Apparatus Makers Association Tenta 
dards are adopted in the public interest 
designed to eliminate misunderstandings 
the manufacturer and the purchaser 
issist the purchaser in selecting and 

without delay the proper product for 
ticular need. Existence of a Recorder 
r Section Tentative Standard does not 
respect preclude any member or non 
from manufacturing and selling prod 
~ conforming with the standard. 


1—ScoPE AND PURPOSE 


his standard applies to (a) Pneumatic 
ontrolers; (b) Diaphragm motors c) Pneu 
natic intelligence transmission systems 
1.2 The purpose of this standard is to establish 
,) A standard air supply pressure (with range) 
or the three above-named devices, and (b) A 
standard operating pressure range for diaphragm 
ters and pneumatic intelligence transmission 
systems 
2——DEFINITIONS 
21 The following definitions give the mean 
g of the terms as used in this standard 
22 Pneumatic Controller. A pneumatic con 
roller is a mechanism which measures the 
alue of a variable quantity or condition and 
werates to correct or limit deviation of this 
easured value from a selected reference by 
neumatic means 
23 Diaphragm Motor \ diaphragm motor 
a motor used to position a valve or other 
final control element in response to the action 
ff a pneumatic controller. It consists of a 
aphragm to which is attached a push rod, 
eans for elastically loading the diaphragm 
such as a spring), and a housing which permits 
applying air pressure to the diaphragm to 
ppose the elastic loading. Motion of the push 
od is obtained by varying the air pressure on 
e diaphragm and, within the operating pres 
sure range of the motor, there is a definite rod 
osition for every pressure applied to the 
aphragm 
24 Pneumatic Intelligence Transmission Sys 
\ pneumatie intelligence transmission sys 
is a system for indicating. recording or in 
a quantity at a remote point by pneu 
atic translating means 
mple: A flow measurement is translated inte 
1ir pressure at the point of measurement 
d transmitted by pneumatic means to a remote 
corded 
2 Supply Pressure. Supply pressure is the 
ressure of the air supplied to the pneumatically 
erated devices to which this standard applies 
2.6 Operating Pressure Range Operating 
sure range is the spread or span between 
nimum and maximum air pressures which 
position the diaphragm motor or trans 
ssion system through its full range of travel 
2.7 Reset Action. Reset action is the corrective 
tion of a controller (in conjunction with 
portional control) in which there is a con 
nuous linear relation between the deviation 
ntrolled variable from a selected referencs 
ind the rate of motion of the diaphragm 
or other final control element 
3-——SUPPLY PRESSURE 
supply pressure shall be not less than 
greater than 20 pounds per squar inch 
Twenty pounds should not be exceeded 
to possible reset action at maximum 
The range is one which is practicable 
with industrial pressure regulators and 
iently narrow as to have negligible effect 
performance of the devices to which this 
d applies 
4—OPERATING PRESSURE RANGE 
The operating pressure range shall be 
pounds per square inch for diaphragm 
and pneumatic intelligence transmission 


minimum of 3 pounds per square inch 
rable when tight seating of the valve is 
or wher, single-seated valves are used 
mum of 15 pounds per square inch is 
e for valves and is acceptable for the 
tters and receivers of pneumatic intelli 


Transmission systems 


now you can assemble your own 








RAWSON 
ELECTROSTATIC 
VOLTMETERS 


Type 518 


Now available to 35,000 VOLTS 
Measure true R.M.S. values on A.C., no 
waveform or frequency errors 

NO POWER CONSUMPTION 
Leakage resistance greater than one million 
megohms. These meters may be used to 
measure 


STATIC ELECTRICITY! 
Ideal for measuring high voltage power 
supplies with zero current drain. Rugged 
well-damped movement. All elements sur- 
rounded by metal shielding for accuracy 
and safety 


Write for new bulletin 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 
112 Potter St. Cambridge, Mass. 
Representatives 
Chicago + Los Angeles 








Tove Miasvhing 
systems 


for use in applications such as dyna- 
mometers, industrial weighing, strength 
of structures, jet engine thrust, and 
countless other force-measuring prob- 
lems. Illustrated is the famous Emery 
Hydraulic Cell, basic unit of Emery 
hydraulic testing and force-measuring 
systems. 


All components are simply construct- 
ed, but rugged; they are compact in 
size, extremely sensitive and accu- 
rate. Easy to mount and use. Send 
for complete literature and prices; 
also our engineers will be pleased to 
discuss your force-measurement prob- 
lems and make recommendations. 


e 


High Power, 
Lighter Weight 


PORTABLE POWER UNIT 


For high power from 
a small unit, the new 
Burgess A. M. Power 
Units are unexcelled! 
Single cell units scarce- 
ly larger than an or- 
dinary flashlight cell 
deliver currents as 
high as 100 amperes, 
at approximately 1.4 
volts! 


A. M. Units are 
packed dry and acti- 
vated with water 
once activated they 
may be efficiently discharged at tempera- 
tures as low as 60°F. and as high as 
+150°F.! Write Dept. AM for full in- 


formation on standard and special types 


New Burgess 
A.M. Power Unit 


BURGESS BATTERY 
COMPANY FREEPORT, 


ILEINOIS 
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SOME TYPICA 


No Stuffing 
Box Troubles RING BALANCE MEER: 


BECAUSE THERE ARE NO STUFFING BOXES, 


Back view of single ring, high 
differential meter, showing § 
tube connection. 


RING BALANCE 
METERS 


The design of Hagan Ring Balance Meters eliminates stuffing 
boxes—and hence eliminates the troubles that go with them. Ad- . : 

justment is less delicate, less maintenance is required; there is one pigs erg eared pase ee 
less source of friction, hence greater sensitivity; there is no danger low differential ring. 

of leakage, therefore no way in which the fluid being measured 
can come in contact with any critical mechanism. No leakage 
means also that the meter stays in calibration over a much longer 
period. 

Absence of stuffing boxes is, however, only one of the many 
important features of Hagan Ring Balance Flow Meters. They 
are rugged, sensitive, versatile—suitable for virtually every flow- 
metering application, including many applications which are 
almost impossible with conventional meters. For full informa- 
tion, write to Hagan Corporation, Hagan Building, Pittsburgh 
30, Pennsylvania. 





HAGAN CORPORATION Front y iew of three-pen 
; \ meter in case. Panel space 
RING BALANCE FLOW AND PRESSURE INSTRUMENTS \ isthe same for all models 
THRUSIORQ FORCE MEASURING DEVICES 
BOILER COMBUSTION CONTROL SYSTEMS 
METALLURGICAL FURNACE CONTROL SYSTEMS 
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I.$.A. National Office, 921 Ridge Ave., Pittsburgh 12, Penna. 
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Program Chairmen 
Note! 

Stumped for a program? Then write 
to the National Office and borrow a 

ne-half hour or a full hour of color 
and sound and let your members visit 
the 1949 Instrument Exhibit. The new 
slide film with accompanying sound, as 
jescribed in the December ISA Jour- 
nal is now ready. Film No. 1, running 
time 30 minutes, describing the new 
nstruments exhibited by 18 exhibit- 
ng companies begins this “Tour” of 
the 1949 Instrument Exhibit. Film No. 
) 30 minutes, 19 companies; and Film 
No. 3, 30 minutes and covering 12 com- 
panies, complete the tour. 

Give us the date of your meeting 
and indicate the film you wish, and 
slides and sound tape will be sent you 
together with complete instructions for 
putting over a smooth running, eye 
filling, highly instructive and most in- 
teresting program or supplementary 
program. Schedule a film before your 
regular meeting. You will need a 2 by 
2 in. slide projector and a Brush re- 
order. 

The following companies are covered: 

Film No. 1 includes: Aircraft Ma- 
ine Products, Inc.; Automatic Elec- 
trie Sales Corp.; Barton Instrument 
Co.; Bristol Co.; Buffalo Meter Co.; 
Century Geophysical Corp.; Climax 
Engineering Co., Controls Division; 
Consolidated Engineering Corp.; R. W. 
Cramer Co.; Davis Emergency Equip- 
ment Co.; Engineers Specialties Divi- 
sion, Universal Engraving & Color- 
plate Co., Inc.; Claud S. Gordon Co.; 
Gormae Products, Inc.; Gow-Mac In- 
strument Co.; Hammel Dahl Co.; Heli- 
oid Gage Div.; American Chain and 
Cable Co.; Instruments Publishing Co.; 
and Leslie Co. 

Film No. 2 includes: Leeds and Nor- 
thrup Co.; Magnetrol, Inc.; Manning, 
Maxwell and Moore, Inc.; MeAlear 
Manufacturing Co.; Milton Roy Co.; 
Mine Safety Appliances Co.; Penn 
Industrial Instruments Corp.; Photo- 
switch, Ine.; Precision Thermometer 
and Instrument Co.; Precision Tube 
Co.; J. F, Pritchard and Co.; Pyrometer 
Instrument Co.; Specialty Battery Co.; 
Standard Electric Time Co.; Taylor 
Instrument Co.; Vapor Recovery Sys- 
tems Co.; W. M. Welch Scientific Co.; 
Wheeleco Instruments Co.; and Yarnall 
Waring Co. 

lm No. 3 includes: American Meter 

Annin Co.; Bailey Meter Co.; 
id O. Beckman, Inec.; Brooks Ro- 
‘ter Co.; General Electric Co.; 
and Research Corp.; Illinois Test- 

Laboratories, Inc.; Nash Engineer- 

Corp.; North American Phillips 
Panellit, Inc.; and Trinity Equip- 
Corp. 
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ISA Officers, Committee Chairmen And Committee Members 


OFFICERS 


President: R. J. 8S. Pigott, (Pitts), 
search & Development Co., Box 2038 
Pa 

First Vice President: J. 
Republic Flow Meters Co., 
Chieago, Il 

Vice President yr. A. O. Beckman, 
820 Mission St., S. Pasadena, Cali 

Vice President N. Gildersleeve 
eral Electric Co., 40 Federal St., 
Mass 

Vice President P. Hart 
Chemical Co., Freeport, Texas. 

Treasurer: H. E ‘erguson Chi Peoples 
Gas, Light & Coke Co., 45 E. Pershing, Chicago 
16, Il 

Necretary: R 
Publishing Co., 


Gulf Re 
Pgh. 30, 


B. McMahon, (Chi), 
2240 Diversey Pkwy.., 


Cal) 
(Bos), Gen 
West Lynn 3, 


Houston Dow 


Rimbach, (Pitts), Instruments 
921 Ridge Ave., Pgh. 12, Pa 


COMMITTEES 


Society Structure and Planning Committee 
Reporting to President R. J. S. Pigott): A. H 
SHAFER, Chairman, (Pitts), Foxboro Co., 5151 
Baum Blvd., Pgh. 24, Pa.; R. D0. Webb, (Char 
Carbide & Carbon Chemicals Corp., 8. Charles 
ton 3, W. Va E. G. Bailey, (Phila), Bailey 
Meter Co., 85 Liberty St., N. Y. 6, N. Y¥.; A. E 
Tarr, (Phila), Leeds & Northrup Co., 4901 
Stenton Ave Phila. 44, Pa.; J. J. Grebe, 
(Detroit), Dow Chemical Co., Midland, Mich 
} Colvin N. Y¥.), G. M. Giannini & Co., 

697 Morris Turnpike, Springfield, N. J 
E. Boyle St. Louis), Shell Oil Co., Wood 
river, Ill 
Nominating Committee, Reporting to First 
Vice President J. B. McMahon A. F. SPERRY 
Chairman, (Chi), Panellit, Inc., 7212 N. Clark 
St., Chicago 26, Ill.; G. F. Gardner, (Eastern 
New York), General Eng’r. & Consulting Lab 
G. E. Co., 1 River Rd., Schenectady 5, N. ¥ 
|. H. C. Brown, Louisville), 3006 
Louisville 5, Ky.; M. S. Jacobs, (Pitts) 
S. Jacobs & Assoc 807 Bessemer Bldg., 
Pgh, 22, Pa.; J. E. Head, (Detroit), Industrial 
Electronics Inc., 21 Henry St., Detroit, Mich 
G. N. Ehly, (Phila), 180 Ashland Ave., West 
Manayunk, Phila., Pa.; J. W. Graeb, (Sarnia), 
290 St. George St., Sarnia, Ont., Canada; W. E 
Boyle St. Louis Sheli Oil Co., Woodriver 
Ill T. H. Pierson So. Texas), Corn Prod 
Refining Co., P.O. Box 1268, Corpus Christi 
Texas; A. Harmon, (Rochester) 
St., Rochester 13, N. Y G. F. Rucker Calif) 
Leeds & Northrup Co., 5111 Via Corona Ave 
Los Angeles 22, Calif Brand, 104 May 
fair Lane, Oak Ridge, T 
Special Committee 
Reporting to First Vice 
Mahon): G. F. GARDNER 
New York), General Eng’r. & Consulting 
G. E. Co., 1 River Rd., Schenectady Y 
J. Johnston, Jr (Wilm), Eng’r. Dept E. I 
duPont, Wilmington 98, Del.; H. ©, Givens 
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Five local Sections of the ISA have 
made their voices heard in the cities 
and districts they serve by publishing 
Section magazines which reach out to 
tell the story of instrumentation and 
ISA activity to a wide public of mem- 
bers and non-members alike. 

As a rule each of the magazines re- 
viewed below grew from a one-sheet 
meeting announcement to the worth- 
while publication it is today. In all 
there are tell-tale indications that no 
smail amounts of energy and ingenuity 
went into their production. 

The magazines perform a service to 
Section members in that they announce 
Section activities and provide a locus 
for the exchange of technical informa- 
tion and a medium for cheerful socia- 
bility. In short, they clarify the mean- 
ing of “The Section” to members. They 
strengthen Section cohesion by weld- 
ing friendships, by encouraging active 
participation in programs, by promot- 
ing membership in the Section and by 
bringing in new members. 

Most important is that the magazines 
described below help broadcast to a 
large public the part that instrumenta- 
tion plays in the industrial and eco- 
nomic world. 

They have become an integral drive 
shaft of Section activity. 


* 








ISA CHICAGO 

The Chicago Section publication, the 
ISA Chicago Section Events, is a 5.5 
by 8.5-in. printed magazine issued in 


THE SECTION EVENTS 


either 8- or 12-page editions. This 
colorful pamphlet is printed in red, 


green, brown, blue or purple, or shades 
of these, and appears in a different color 
on successive months. It issued 
monthly except during June, July and 
August. Present circulation is 1,500. 
The magazine has been published 
under its present 
title since the Sec- 
tion received its 
charter in 1946. Es- 
sentially the same 
format has been 
used since 1941, 
when it originally 
appeared as the 
Chicago Society of 
Measurement and 
Control Events. 


is 


X 





. A prominent white 

_ _— oval on the front 
SELTINE 

HASELTINE cover announces on 

first sight the who, what, when and 

where of the next Section meeting. A 

one-eighth-inch white border sets off 


the cover. 

On the first inside right-hand page, 
which is topped by a masthead, appear 
the repetitive lists of Section Officers, 


Executive Committee, Standing Com- 
mittee Chairmen, Events Staff and 
members on Technical Sub-Committees. 

The Events staff at present con- 
sists of 7 men—one editor, five news 
editors and one advertising editor. 
Present editor is O. M. Haseltine. of 


the Revere Corporation of America. 

Advertisements are sold in one-half 
page units, and kept to a minimum of 
eight half pages and a maximum of 11 
pages per issue. 

In the 8-page issues of the magazine 
the center, left and right-hand pages 
are occasionally devoted to full page an- 
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nouncements of the next two coming 
meetings. A rather complete speaker’s 
biography and cubject abstract accom- 
pany these notices. 

Frequently there appears a “Tenta- 
tive Meeting Program,” a one-half page 
insert, listing, in form suitable for 
clipping, the complete data on meetings 
from two to six months in advance. 


A business reply card for dinner 









THE ARUBA BULLETIN 


The Aruba Section Bullet 
mimeographed, black and whi 
let composed of approximately 
by 11-in. sheets double stapled \» +; 
left edge. News items appear n th 
right hand pages of the mag. :in. 
the left hand pages remain } 
carry full page sketched a 
ments. 









































































loose 


inserted 


reservations is glued or 
into issues. 
Departments of the magazine which 
appear from time to time are “Record- 
ings” and “National Events.” 
cordings” welcomes new members, re- 
ports on those changing jobs, receiving 
promotions, transferring locations, etc. 
A Section membership list pub- 
lished several times throughout the 
year. 
“National 


1S 


Events” has reported on 
such activities as the National Em- 
ployment Service and Register, the 
tecommended Practices Committee, 
has given notice of the Annual Busi- 
ness Meeting, and has explained mem- 
bership requirements. 

A series of four full-page articles 
on the entire scope of the ISA appeared 
in the early 1949 issues. 

Other articles announced new Sec- 
tion Officers, reported on the formation 
of the Nominating Committee, and re- 
viewed past Section meetings. 

The report of the Chicago Section 
Director, R. R. Proctor (Pure Oil 
Research & Development Lab.), on the 
Annual Board of Director’s Meeting 
appeared in the November issue. 





Since the Bulletin first appeared in 
1947 as a one page 
meeting announce- 
ment, it has grown 
in size and circula- 
tion. It is published 
monthly under the 
close supervision 
a staff of 15 

meet regularly 
fore each issu 
Present Edito 

Burnell W. Furste- 
nau, graduate of thi 
University of Ne 
braska with a RS 


he- 





FURSTENAU 
in Mechanical Engineering. 


The Bulletin Art Director, John Di 
Lange, is to be complimented for the 
regular, decorative cover sheet. 
cover, occasionally appearing in c 
points up the talk given at the 
Section Meeting, or pictorially empha 
sizes National eyents. 

The second page of the Bu 
serves as a relatively static intro 
tory page. Here are listed the Section 
Officers and the Bulletin staff memb 
A paragraph on the Aims and I 
poses of the Bulletin appears regula 


I} 
i Nt 








ared in 
le page 
ounce- 


grown 
circula- 
blished 
er the 
sion of 
5 wh 
ly 
issue, 
tor IS 


Murste- 


be- 


of the 
f Ne 


a RS 








sting Editor’s Corner carries 
te news items and expresses 
enera! comments. 

An ec itorial usually appears on the 
1ird poge. Guest editorials are wel- 
everal National ISA Presidents 


An int 
ast 0 









ymed . fe ; 
_ Bhave ntributed writings. Inspira- 
“ Biional articles that encourage good 





and promote Section ac- 









membe rs are 
the Section. 

Approximately four full-page, mime- 
ographed advertisements appear in 
each issue. Contracts are on a yearly 
phasis. Preprinted 8.5 by 11 in. adver- 
tising insert sheets, supplied by the 
advertisers, are stapled into the Bulle- 
‘in as occasion demands. 

The remaining pages of the Bulletin 
are devoted to articles of Sectional, 
National, and technical interest. Sec- 
tion meeting announcements, with biog- 
raphy of speaker and abstract of sub- 
ject, run to about 75 percent of a page. 
Personal news of Section members, 
new jobs, new instrument problems, 
and new achievements in their work 
are given space. 

Humor is not left out. Quips appear 
in odd spaces. A novel idea was used 
in the December 1949 issue—a cross- 
word puzzle designed for instrument 
men, 

The Bulletin seems to be shaped by 
the editorial policy expressed in the 
following quote from a letter by Jim 
Lopez, Business Manager of the Bulle- 
tin, “These publications are the only 
means that quite a few non-members 
have of knowing about our activities.” 
























THE ISA FRONTIER TRANSMITTER 
The ISA Frontier Transmitter is 
he publication of the Niagara Fron- 
tier Section. It is another 5.5 by 8.5- 
inch printed pamphlet appearing in 
8- or 12-page editions, and _ issued 
in different colors on successive months. 
The Transmitter is published every 










other month under 
the editorial direc- 
tion of O. R. Law- 





rence of the Vincent 
J. Brown Company. 
The January 1950 
copy is Volume 2. 
A relatively young 
Section magazine, it 















first appeared in 

: 1948 as a 4-page 

‘ew meeting announce- 

iA ment carrying a 
LAWRENCE page and one half 
of advertisements. 





\ds presently run to about four pages 
Issue, 

A distinctive feature is its bleed 

over. Like the Events and the Head- 
essential information on the next 










Section meeting is displayed promi- 
nentiy on the front cover. Masthead, 
ist of Section officers and committee 






hairmen regularly fill page 2. A full 
page is usually devoted to the meeting 
announcement, with an occasional half- 
page of information about the speaker. 





Membership rosters and new members 
lists appear regularly. 
e January 1950 
a ree-quarter-page article 
strumentation—Small Industry, Large 
Role” by G. E. Bailey. The same issue 
carvied a complete breakdown of So- 
membership by Section and grade, 





contained 
on “In- 


issue 

















with totals. A list showing ISA growth 
of membership appeared here also. A 
calendar of ISA Section Secretaries 
with data on programs, meeting times 
and places, similar to the one appear- 
ing in the ISA Journal, has _ been 
printed. 


PITTSBURGH HEADLINES 


Pittsburgh Section Headlines, 
present circulation of 1800, 
published since 1944, and appearing 
monthly September through May, is 
a 6 by 9-inch printed pamphlet issued 
in 8-, 12-, 16- or 20-page editions. Ad- 
vertising occupies about one-third of 
the total space. 

Present Editor is W. C. Adams (Gulf 
Research & Devel- 
opment Company), 
W.K.Bowman (Gulf 
Research & Develop- 
ment Company) is 
Advertising Man- 
ager. An editorial 
panel of seven and 
a reportorial staff 
of nine assist in 
publishing the mag- 
azine. 

In addition to the 
lists of Section offi- 
cers, Committee 
chairmen, new members, and member- 
ship rosters regularly published, news 
is channelled into several well-estab- 
lished departments. “Headlines Offi- 
cial” concerns itself with news of Na- 
tional importance directly affecting the 
Section, activities of the Section Ex- 
ecutive Committee, or news of signifi- 
cance to the member as a member. 

“Headlines Strictly Personal” or 
sometimes called “Headlines Local” 
contains informal news of a_ personal 
nature on Section members. 

Headlines is unique among ISA mag- 
azines in that it publishes cartoons and 
illustrations. Humorous couplets and 
jokes are included occasionally. 

“Panhandle Parade,” usually running 
to three-fourths of a page and appear- 
ing irregularly, is a bit of editorializ- 
ing, wit, and personal news which gives 
voice to a group of Section members 
who live in the panhandle area of West 
Virginia. A correspondent contributes 
the material for this interesting fea- 
ture. 

Since February 1949, Headlines has 
been doing a dual job in announcing 
and reporting both the meetings of the 
Pittsburgh Section Inspection and Gag- 
ing Sub-division as well as its own 
programs in industrial instrumenta- 
tion. These notices usually require 
two full pages per issue. 

Definite attempts have been made to 
make Headlines a medium for Techni- 
cal discussion. A question department, 
to “stump the Section experts” was 
originated—a provocative question is 
printed and the members are asked to 
send in their answers. 

Meeting reports are done in some de- 
tail, adding to their technical value. 
A series of follow-up articles reporting 
on each of the plant inspection trips 
made during a regional meeting made 


The 
with a 


ADAMS 


interesting and instructive reading. 
Guest editorials appear from time to 
time, as well as articles contributed 
by members. 


Many short articles and news items 
appear throughout the magazine which 
tell of developments taking place in 
the Pittsburgh area of interest to the 
instrument man—new departments, 








methods or instruments set up in dis- 
trict plants or laboratories; allied ac- 
tivities of other Societies in the area; 
new developments occurring in district 
instrument education centers, etc. 

THE DETROIT RECORDER 


The Detroit Recorder has been pub- 
lished ten times a year, from September 
to June, since 1945. It has a circulation 
of 1,000, is issued in 8- or 12-page 
editions. measures 5.5 by 8.5 inches and 
is printed in black with occasional red. 

Page 2 contains the masthead, list 
of Recorder Staff, and list of Section 
Officers. An editorial frequently ap- 
pears on this page, although a list of 
Section Committee Chairmen and a 
meeting notice have been placed here. 

Advertisements run to approximately 
four pages per issue. Present staff is 
Walter G. Moline, Editor, and M. W. 
Weber, Advertising Manager. 

Some of the articles published within 
the last year in- 
cluded regularly ap- 
pearing reviews of 
past meetings, and 
future meeting no- 
tices; periodically 
published Section 
membership rosters 
and lists of new 
members; and an 
occasional announce- 
ment of a job open- 


ing or a_ situation 

_— we ad. Biogré i- 

MOLINE anted. | iographi 

cal data on promi- 

nent speakers and news of recent 


achievements of Section members have 
appeared. 

A report on a plant trip and on 
the National Spring Meeting were pub- 
lished. A two-page article on “Instru- 


mentation of a Refrigeration Labora- 
tory” by W. E. Wilson (Nash—Kelvi- 
nater Corp.), appeared in the June 


1949 edition. 

The most outstanding characteristic 
to be noted about the Recorder is the 
frequency and value of the forceful 
editorials found in its pages. Approxi- 
mately six and one-third pages of 
editorial writing appeared in nine 
examined. Editorials by past- 
editor and Section president J. W. 
Head were entitled “Our Responsi- 
bility” and “Instrumentation.” 

The editorial “We Want Blood” by 
W. G. Moline, which appeared in the 


issues 


September Recorder, was republished 
in the November ISA Journal. “Let 
George Do It” by Victor G. Raviolo 
appeared in the May Reeorder and 
was also republished in the Journal 
Another example of this type of in- 
spirational needling appeared in the 
October Recorder under the title “We 
Grow,” the last line of which is: “Our 


Goal this year should be and must be 
to grow along with the Parent Body 
It will take work, sweat and_ blood 
We can’t stand Still, we either go up 
a little or all the way down. It’s up 
to each and every member of this 
Section to decide which way we Zo 


If you don’t care, sit tight; but if you 
do care, and we think you do, pust 
fellow, push.” 

Walter G. Moline, in a “Letter From 
The Editor,” which appeared in the 
November stated the Recorder 
editorial policy this way: “To fun- 
damental, the Recorde) is supposed 
to let the outside know what Instru- 
with Instruments here 


issue, 
be 


do 


menticians 
in Detroit.” 
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ITH each major industrial de- 

velopment comes the need for 

a system of measurement or 
control instrumentation. Such indeed 
was the case with the development of 
American Rocketry. First the problems 
were concerned with getting some 
rocket projectiles that could be used. 
Later, however, the need for more ac- 
curate sighting tables and better gen- 
eral accuracy made necessary finer 
manufacturing controls and more in- 
formation on flight behavior. 
Probably the most important single 
instrument for such research was the 
Bowen acceleration camera, followed 
closely by the German Askania The- 
odolite modified here to permit even 
more versatile performance. The 
N.O.T.S. modification of this theodolite 
has eliminated all mechanical bearing 
scale shutters, substituting instead 
radio controlled discharge lamps to per- 
mit dial synchronization to within per- 
haps ten to twenty microseconds. 
Even the venerable, versatile Bowen 
camera has been redesigned for bet- 
ter and more precise data recording. 
Both these instruments, however, 
rely upon data recorded at a distance. 
In some cases, the distances involved 
are several miles. Even the very finest 
telephoto optics cannot prevent severe 
distortions caused by atmospheric re- 
fractive troubles such as “boilings” as 
the ground begins to warm. This data 
obtained at a distance becomes subject 
to limitations of resolution dependent 
upon atmospheric conditions, image 
size, tracking rates and instrument 
vibration which, although small for 
large angles, can be surprisingly large 
for small angular measurements at 
long distances. 
The second main source of aerobal- 
listic data is obtained from wind tun- 
nels which are highly developed and 
capable of operations in supersonic as 
well as in the subsonic range. No tun- 
nels, however, appear to be very satis- 
factory in the transsonic region. 
The third source of data is obtained 
by sensitive instruments placed within 
the projectile and which telemeter the 
data via a radio link. There are inher- 
ent sensitivity and linearity limitations 
to this technique also. 
The fourth technique, but little 
known, is the solar yaw camera shown 
in the following photographs. The cam- 
era, located within a_ spin-stabilized 
projectile, photographs the sun once 
during each revolution and permits as- 
sessment of the resultant record to ap- 
proximately 0.03 degree. A typical rec- 
ord is shown. This newly engineered 
camera (based on W. R. Smyth’s solar 
yaw camera) has been steadily used at 
N.O.T.S. to yield better than 95 per- 
cent data on all firings in the past few 
years. Spin rates must also be known, 
for such data to be effective as must 
velocity, deceleration, etc. Thus, a large 
additional instrumentation array is re- 


quired for a_ precise determination. 
* Presented at the Fourth Annual Conference of 
the Instrument Society of America, Sept. 12-1¢ 
1949. St. Louis, Mo 
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Intrumentation For Exterior Ballistic 
Research In Rocketry * 


By L. M. BIBERMAN + 


Such procedures are complex, costly, 
and difficult in assessment. It is not 
surprising, therefore, that thought was 
given to creating a precise indoor range 
where extraneous winds would not 
enter and temperatures were known; 
where data could be recorded by pho- 
tographic instruments scattered closely 
along the flight path. 

It had been the contention of other 
laboratories over a long period of time 
that certain basic coefficients relating 
to the aerodynamic behavior of bodies 
in flight might be best measured at 
close range by precise photographic 
techniques. Two of these quantities— 
the normal force and the center of pres- 
sure—seem to lend themselves best to 
such a technique. For this reason, the 


' x aa ' } 


ao ae === sists 





Fig. 1. Schematic diagram of yaw camera 
shows: 1. Pinhole; 2. Image of solar disk; 
3. Successive exposures on film; 4. Cross 
slit; 5. Exposure through cross slit (by sky 
light) forming base line; 6. Flywheel. 


military establishment has investigated 
the technique in the so-called enclosed 
range. It appears that the two quanti- 
ties named can be determined more pre- 
cisely in such a facility at small angles 
of attack than by present wind tun- 
nel techniques. 

The problems of such measurements, 
however, are not simple and have been 
met heretofore primarily through the 
use of the “spark range” with all of its 
inherent limitations. Although one of 
these limitations may possibly be over- 
come shortly, the spark range presently 
offers the researcher but one pair of 
normal (i.e. right-angle) images giv- 
ing the three sets of coordinates at 
each spark station. To cover adequately 
a reasonable trajectory with images 
spaced closely enough to allow study 





=< Fig. 2. 35-mm. Solar Yaw Camera 
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of a single nutation of a pr ject; 
would require a very large nun ‘sr « 
spark instruments and an el: 
control system. 

In order to somewhat simpli‘y th 
problems of direct exposure (withoy 
aid of lenses) on film, the shadogray 
technique has been used whereby , 
shadow created by the spark soury 
is photographed by a suitable camer, 
Once again, the technique is 
restricted to one image pair at eq 
spark station. 

In order to remove the limitatio, 
imposed by spark techniques and | 
permit a greater degree of precisio; 
in measurement, a new type silhouett 
photographic procedure has been ¢. 
veloped, permitting the study of rela. 
tively large projectiles over interva)s 
in which projectile images may be 0). 
tained closely together over a tra} 
tory of approximately 450 feet. 

This new technique was made po: 
sible by: 

a. High speed stroboscopic lighting 

b. Low cost refiex reflectors, 

c. A special wide field camera. 

As visualized in the very early stag: 
of design, the problem appeared to res 
almost entirely in the design of light. 
ing circuitry to permit the rapid flas! 
ing of high intensity sources of bu 
one microsecond flash duration. Fror 
studies made of existing sources the 
spark gap was ruled out and th 
Edgerton-General Electric FT-125 ga: 
discharge tube adopted. In order to ob- 
tain sufficient light for direct photog- 
raphy of typical projectiles und 
study, it was neeessary to operate the 
lamps far above the nominal voltag: 
ratings or to sacrifice the requir 
brief flash duration. Broadly speaking 
the amount of light during a flash 
governed by the product of the lan 
resistance (during discharge) and tl 
capacitance from which energy is fe 
to the lamp. The effect of capacitance: 
upon flash duration in the region of i 
terest for a typical flashlamp studie 
is tabulated below. The photograp! 
intensity of the lamps as measured by 
reflection from a grey scale is als 
tabulated. 

Capacity of dFD Flash Duration 

M 


icroseconds 


Relati 


Intens 
1 1.2 


4 2.8 


6 


~- 


The efficiency of the lamps in 
region is approximately seven lume! 
seconds per joule. The peak intensity 
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stimated to be approximately 2.5 x 107 
mens. 
Thus, to photograph projectiles ef- 
Mectively it is required that the lighting 
equipment be pulsed in such a manner 
hat several lamps could be discharged 
imultaneously to provide the required 
S\lumination. The problem of simulta- 
Mneous flashing of multiple banks ap- 
eared to be more of a problem than 
actually developed. In present circuitry 
he use of multiple lamps appears to 
ppncrease the over-all flash duration by 


than approximately 0.2 microsec- 





nds. 

' Thus, it appeared the problem was 
esolved and it should be merely neces- 
"sary to distribute a proper number of 
jilamps and pulse them at proper inter- 
Fvals to get the required photographic 
esults. Unfortunately, this was not 
the case. 

With the lighting problem well in 
hand a series of preliminary photo- 
vraphs were taken with most disap- 
pointing results. It was realized, of 
ourse, that photographing highly 
polished (40 microinch finish) projec- 
would offer some difficulty and, 
F therefore, we were prepared to utilize 
‘multi-source illumination to highlight 
the edges and make possible a sharp 
F image of such projectile edges. We then 
attempted photographing the pro- 
ectiles utilizing highly diffuse illumi- 
ination. This latter means was at- 
tempted through almost every type of 
liffusion technique we could turn to 
purpose. In almost all cases, the 
esults were the same. A photographic 
mage was obtained in which some 
contour line appeared as the edge. 
contour lines would have per- 
accurate determination of the 
of gravity of the projectile, 
since true edges are not necessary for 
this) providing the projectile passed 
















ur 


These 
mitted 


enter 


- through a zone of uniform, symmetrical 


© illumination. This would not be the 
ase except in a few, very rare in- 
stances. The net result was an image 


n which contour lines at different pro- 


p jected radii appeared as the edges of 


the projectile. This was caused by a 
ctile receiving more intense illumi- 
lation on one side than the other due to 
the relative distances between the pro- 
ectile edges and two diametrically op- 
{lamps. For cylindrical bodies with 
aw, the true position could be cal- 
ited from the apparent position if 
aii parameters were known. For a 
\ ng ogive this would be a difficult 
rmination indeed. Thus, distorted 
zes were the rule with projectiles 
irently changing shape and losing 
etry as one moved the lights rela- 

to the subject or camera. 
icklighting techniques were tried, 
nce two cameras with axes inter 





Fig. 3. White arrows at bottom indicate (from left to right) start of record, 
stoppage of film, first impact (center), second impact, third impact. 













secting at 90 degrees at the ideal tra- 
jectory are used, true backlighting 
could not be used since a displacement 
of the projectile from the ideal trajec- 
tory line would expose one camera to 
direct illumination by one of the lamps. 
Thus, each backlighting fixture was 
displaced so that no direct ray could 
enter a camera lens. This technique 


again was subject to the same difficul- 


Fig. 4. Multiple-flash equipment. At left 
are two resonant-charge and discharge cir- 
cuits and control circuit; at right, 10,000- 
volt power supply with 12 microfarad 
energy-storage capacitor bank 


ties of contour lines appearing as false 
edges dependent upon the relative po- 
sition of the projectile to the two back- 
lighting fixtures. Thus no significant 
gain had been made. 

At this point, it became apparent 
that the entire undertaking was de- 
pendent upon developing a suitable il- 
lumination system. 

Fortunately, this was finally rather 
easily solved through the use of a re- 
flex-reflector system and silhouette pho- 
tography. 

Attempts were then made to use Min- 
nesota Mining and Manufacturing 
Company ‘“Scotchlite” reflex-reflector 

This was a 
The principle 


material as background. 
choice. 


most fortunate 





Fig. 5. 


6:5, 





Multiple-flash silhouette photographs. Ratios (left to right—1:0 


involved is indirect silhouette, not shad- 
owgraph techniques although the two 
may appear as similar techniques at 
first consideration. 

In this silhouette technique, the lamps 
are directed toward a reflex-reflector 
screen having the properties of return- 
ing the greater portion of reflected 
light back to its source in the same 
manner as the usual corner reflector. 
Thus to get a reasonable amount of 
light into the camera, it is necessary 
that the lamps be mounted within a few 
inches of the front nodal point of the 
camera. 

The wide-angle “Scotchlite” reflector 
used has a reflection coefficient that de- 
creases on either side of a normal ray. 
Thus, in order to obtain uniform back- 
ground density on the photographic 
plate, it is necessary to illuminate the 
Scotchlite in such a manner that the 
light intensity on the screen varies in- 
versely with the reflective characteris- 
tics of the reflector and the transmis- 
sion characteristics of the camera lens. 
This has been achieved most success- 
fully by using three lamps directed to 
cover the three zones of the reflector; 
right, center and left. The right and 
left zones are more highly illuminated 
through the use of increased capaci- 
tance across the discharge lamp while 
the more reflective center section needs 
but comparatively little light. The use 
of the reflector system has so drasti- 
cally reduced the required amount of 
light that no appreciable variation in 
light duration is caused by the varia- 
tion in capacity across each lamp. 

The net result is a background bril- 
liantly illuminated periodically for du- 
rations in the order of one microsecond 
The projectile passing before this re 
flector is photographed in silhouette 
In some rare cases, a shadow also ap- 


pears on the background screen but 
there is no doubt about which is sil- 
houette and which is shadow. The 


depth of field is such that the projectile 
appears as a sharp image within its 
anticipated zone of dispersion. The re 
flex-reflector is well beyond this zone 
(primarily to prevent aerodynamic in- 
terference) and thus the shadow, when 
it does appear, is a fuzzy image. 

It will be seen that with a projectile 
passing such a reflector, which is il- 
luminated, say half a dozen times while 
in the field of view of a single camera, 
each silhouette produced tends to be 
obscured by the light from the reflector 
that previously was blocked by the 
presence of the projectile. Thus the 
number of images obtainable (and 
therefore flashes to be used) are de- 
pendent upon such factors as the dens- 
ity and minimum density ratio of the 
silhouette and the background that will 
permit assessment to the required de 
gree of precision. 

With the technique of the reflex-re 
flector, the use of not more than sever 
images per plate, a camera to trajec- 
tory distance of twenty feet and a lamp 





» asl, 433 
and 12:11) are those of total flashes to flashes superimposed upon silhouette; 
light intensity adjusted so that background intensity was the same in each case 
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to refiex-reflector distance of thirty 
feet, it is possible to determine a pro- 
jectile edge to within three to four 
microns on the photographic plate. This 
is approximately twice the anticipated 
precision for such a system. 

The illumination problem, therefore, 
except for minor details is considered 
solved. 

The final problems were the design of 
the camera and the building to house 
the installation. 

The camera was designed on a full 
kinematic support permitting leveling 
independent of azimuthal or elevation 
adjustments. The front nodal point is 
so located that the camera may be ro- 
tated either in elevation or azimuth 
without shifting the front nodal point. 
The lens assembly is housed so that the 
rear nodal point to plate distance is 
constant over the range of operating 
temperatures as long as steady state 
conditions prevail. There is no signifi- 


HE past year has been marked 


Inspection And 
by considerable confusion in many 


Tee of Industrial activity. It 
has been a frequent occurrence to have 
people from both local and distant 
shops inquire about precision measure- 
ment services. 

A remarkable aspect of recent 
months behavior is the unearthing of 
exceptionally fine equipment, manned 
by competent technical personnel, near- 
by the origin of the service sought. This 
has led me to investigate this matter 
with the view of assisting the cause, 
without lengthy searching each time 
an inquiry is received. I am convinced 
that many do not realize the scope 
of our present, established, gaging or- 
ganizations. 

In trying to list and evaluate all the 
laboratories, shops, and departments 
that can accomodate measurement 
problems, no complete cataloging has 
been attempted. We do have a card 
file set up at Cornell in which we have 
listed the services available in each 
type of inspection and gaging technique. 
This list is by no means complete as yet. 
Anyone is welcome to write us—a pen- 
ny post card will be just as earnest an 
inquiry as an air mail letter—and we 
will do our best to provide information 
as to where the particular service 
should be available. 

Now this may sound very adolescent, 
since most people are aware of certain 
well-established units for carrying on 
this type of work, but few seem to 
realize the scope of such units. Cer- 
tainly we should get as direct a solu- 
tion as possible—NEARBY! 

If you are not in close touch with 
your local organizations via the tech- 
nical or service clubs, the telephone 
book in your locality has a classified 
section. Beyond that. the local library 
~or possibly your own Purchasing de- 
partment—has a copy of Thomas’ Reg- 
ister. In this latter tome are listed 
some 3,000 advertisements for the many 
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cant change in focal length with tem- 
perature over the limits involved. All 
camera castings are Meehanite, care- 
fully heat-treated for maximum dimen- 
sional stability. Fiducial mark projec- 
tors are built in the camera to project 
a 0.001-inch spot (within a locating 
circle of larger size) on the horizontal 
(long) axis of the 4 by 10 inch plate. 
The lens used is the Goertz Aerotar of 
6-inch focal length mounted in a special 
barrel. 


The laboratory building presently 
used is a 40 by 100-ft. Butler building. 
The final laboratory design is not yet 
complete. It will be 480 ft. long, 40 ft. 
wide and about 30 ft. high. The cabling 
terminates in a control room located 
alongside the laboratory proper. Into 
this control room come approximately 
800 control leads and 150 coaxial ca- 
bles. The 100 kw. 10 kv. power supply 
is located in a basement below the con- 
trol room. Most of the surge on the 


Gaging Facilities In The U.S.A. 


By ROGER L. GEER+ 


types of precision measurement equip- 
ment. This includes some twenty-five 
shops specializing in gage rebuilding 
and repair. 

Aside from the bona-fide commercial 
agencies for inspection apparatus, 
there are at least three other groups 
with laboratory facilities for precision 
measurement. These all have, in addi- 
tion to apparatus, qualified staff for 
consultation and possible research. 

About July of 1945 all thirteen Dis- 
tricts of the Ordnance Section of the 
U. S. Army made contracts with vari- 
ous Universities throughout this coun- 
try, establishing “stand-by gage labor- 
atories.”” There were originally twenty- 
eight set up, but circumstances have 
decreased the number to about twenty- 


five active units. A list of these fol- 

lows: 

University Gage Labs In Ordnance Districts 

School Location Lab. Director 

*Agri, & Mechanical College of Texas—College 
Sta.. Texas—C. W. Crawford 

Brown Univ.—Providence, R. I P. N. Kistler 


*Case Institute of Technology—Cleveland, Ohio 
E. J. R. Hudee 
*Cornell Univ Ithaca, N. Y R. L. Geer 


*Ga. School of Technology—aAtlanta, Ga H. § 
Weber 

*Lehigh Univ Bethlehem, Pa J. M. Beau 
champ 

*Mass. Institute of Technology——Cambridge, Mass 
P. A. Smith 

New York Univ New York, N. Y—W. A 


MacCrehan 
*Penn. State College 


Armstrong 


>a W.H 


State College, I 


Rice Institute—Houston, Texas—J. R. Dogget, 
Jr 

*Rochester Inst. of Technology Rochester, N. ¥ 

F. O. Fuhrman 

*Rutgers Univ New Brunswick, N. J U. © 
Holland 

*So Methodist Univ Dallas, Texas—C H 
Shumaker 

‘Stanford Univ Palo Alto, Calif S. C. Ash 
ton 

‘Univ. of Buffalo—Buffalo, N. Y F. H, Themas 

*Univ. of Cincinnati—Cincinnati, Ohio—Walter 
Soller 

Univ. of Connectieut—Storrs, Conn E. R 
Stephan 

Univ. of Michigan—Ann Arbor, Mich.—O. W. 
Boston 

Univ. of Rochester—Rochester, N. Y Donald 
Street 

Univ of Syracuse—Syracuse, N Y John 
Rarron 

Univ of Wisconsin—Madison, Wisconsin— 
I. MeManu! 


feeder lines is prevented by u | oj 
10 kv. 500 microfarad capacito: >n t) 
output of the rectifier. An ad tion; 


75 kw. is required to operate f 
and many smaller control un s ap 
power supplies located at each 
station. 

It is anticipated that the fin: fag). 
ity will be ready for initial ch ck-9) 
by January 1, 1951. 
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WwW Virginia 
R. P. Davis 
offering gage laborato: 

Courses also offered at Ala 

bama Polytechnic Institute, Michigar 

State University, and University 

Florida. (From survey made for Am 

ican Machinist magazine by Mr. Tar- 

german in the April 7, 1949 issue.) 


Univ Morgantowr 
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courses. 


You will find these units quite com- 
pletely equipped in most instances ani 
eager to assist in outside activity. B; 
“outside assistance” I mean service ir 
addition to that required at the scho 
for technical instruction and the uses 
for their own shops. 

There are other Universities and 
Technical Institutes that have fine gag: 
laboratories available for outside serv- 
ice. These are generally under thé 
State Educational Office, and throug! 
them one can ascertain where 
schools are located, and what facilities 
are available. 

A second source of help in solving 
Inspection and Gaging problems is at 
some of the U. S. Government Arsenals. 
While they do not all possess gage lab- 
oratories, since their functions are ir 
other fields such as manufacturing, 
there are at least two in the Eastern 
United States wherein the most modert 
equipment is maintained. These aré 
Watervliet Arsenal at Troy, New Yor! 
and Frankford Arsenal at Philadelphia, 
Pa. Communications to the Director of 
the Gage Laboratory at either of thes 
Arsenals will result in detailed infor- 
mation regarding your problem, or re!- 
erence to another more intimate soure¢ 

The third reference suggestion for 
Inspection and Gaging help is coubt- 
less the most complete facility. It 
our National Bureau of Standard 

It has been my experience that this 
organization is not as well known, at 
least to the average individual, It 
should be. It is certainly enlighten- 
ing to read their annual report and 
find an amazing range of activity 

The Bureau is the “principal agenc} 
of the Federal Government for researc! 
in physics, mathematics, chemistry, an¢ 
engineering. It acts as custodian of tht 
Nation’s basic scientific standards 


sucr 








YY Us« of ts research leading to improved 


citor on thie Mt rement methods. and other basic 
1 ac itiona § practices.” Its budget is in the neigh- 
te fil iment ff borhood of seventeen million dollars per 

Uns an yea’. They maintain a staff of over 
ach amer, 900 professional scientists and engi- 


as well as some 600 technical 





fins fac rants. 

L chick 4 ne activities of the Bureau are di- 
rs vided into four groups: Research and 
# > Development; Testing, Calibration and 
nent n the * Standard Samples; Advisory Service; 
cor light I and Cooperative Activities. 

ame aiques Under the heading of Research and 
ace, Oe Development the effort is widely dis- 
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broad to enumerate here, but some of 
the more attractive in our zone of in- 
terest were: The electronic microme- 
ters; optical standard of length (Pri- 
mary) one of 100 projects in optics; 
line standards of length; precision ring 
gages; precision angle gage blocks. 
Approximately $740,000 was spent in 


1947 on the conduct of 147,765 tests 
and calibrations. This work by the 
Testing, Calibration, and Standard 


Samples group is a gratifying accom- 
plishment. Tapes, line standards, bars, 
along with a 1-kilogram and a 100- 
gram weight were certified. The latter 
two (for Australian National Stand- 
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ards Laboratory) were certified to a 
quality of 1 part in 5 million. 

The Advisory Service is obviously a 
necessary adjunct to its other divisions 
of service. It would be absurd to think 
of this vast facility, with its aggrega- 
tion of talent, to lay inert in this func- 
tion—since the Bureau’s origin was for 
service to the U.S.A. 

Some conception of the cooperative 
work done by the Bureau may be gar- 
nered by the fact that more than 175 
organizations and individuals supported 
research at the Bureau during 1947. It 
has been noted for its activity in the 
National and International projects on 
Weights and Measures. 
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ward, Ontario. Canada 


Second Friday, Moose Hall 


SOUTH BEND 
Sam M. Rouse, 436 
Mich 
First Thursday Meeting at 
neers Club, Hotel La Salle, 
SOUTH MICHIGAN 
Larry DeHann, 1117 
Mich. 
Second Wednesday 
Meeting at &:00 


SOUTH TEXAS 


Moccasin Ave., Buchanan 
8:00 P.M., Engi- 


South Bend 


Cobb Ave., Kalamazoo, 


P.M 


Dinner at 6:30 


P.M. 


H. C. Givens, La Gloria Corp., P.O. 637, Fal- 
furrias, Texas 
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Analysis Instrumentation 
D. J. Pompgo, Chairman No. Calif 842 
Cleveland St., Oakland 6, Calif 

Committee on Instrumentation fo 
Processes: D. M. Boypo, Chairman (Chi), 315 
Ridge Ave., Clarendon Hills, Il 

Instruments for Inspection and Gaging Com 
mittee: R. L. Gegr, Chairman N. ¥ 138 
Giles St., Ithaca, N. Y.; R. W. Carson ie BR 
2 East Main St., Little Falls, N. J.; W. A. Mac 


Production 


Crehan, Jr.. Dept. Adm. Eng’r. N.Y.U., Uni- 
versity Heights, N, Y. 53, N. Y.; E. C. Polidor, 
Engineering Specialties Div., 1055 Mercantile 
Bidg., Rochester, N. Y.; J. W. Huether, (Ont), 


Canada Wire & Cable Co 
ada 

Instrument Maintenance € 
Committee: L. C. Lairp, Chairman, (Chi), 
S. Wolcott Ave., Chicago 20, I H. J. Bow- 
man, (Char), 4509 Venable Ave., S.E., Charles- 
ton, W. Va.; ©. A. Hartung Phila), Sun Oil 
Co., P.O. Box 426, Marcus Hook, Pa ‘sm # 

— o 


Leaside, Ont., Can- 


Operation 


Joecks 81 Grove Ave Glen Rock, 
J G. A. Larson, 612 11th St., Lockport, 
Tl R. L. Nichols Gulf Coast), 715 Madison 


St., Beaumont, Texas 
Instrument Calibrating Techniques Sub-Com 





mittee: A. K, Joecks, Chairman N Con 
solidated Edison Co., 708—Ist Ave. N. Y. 17 
N. ¥ G. A. Pettit, P.O. Box 96, St. Louis 
Mict 
Instrument Installation Practices Sub-Com- 
mittee: ©. A. HartunG, Chairman, (Phila 
Sun Oil Co., P.O. Box 426, Marcus Hook, Pa 
H. A. Hulsberg, (Ch Universal Oil Prod., Co 
310 S. Michigan Ave., Chicago 4 ll 
rument Maintenance Practices Sub-Con 
J. Bowman, Chairman, (Char 4509 





Charleston W Va I 


932 Columbia St 


A ve SF 
r Akror Barber 


iment Mechanic Training Sub-Committee 




















ARSON, Chairman, 612 11th St., Lockport 
I ( Ww Sraswell, Monsanto Chemical Co 
lexas City, Texas; R. H rs, Dow Chemical 
Cr Midland, Mict J. H, Cuthbert, Chi 
Carnegie-Illinois Steel Corp 3426 E. 89th St 
Chicago, Ill G. N. Ehly Phila 180 Ashland 
Ave.. W. Manayunk, Phila. 27, Pa.: J. N. Frank 
lir Sarnia Newfoundland Pulp & Paper 


Brook, Newfoundland K 


Polymer Corp., Sarnia, Ont 
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ada; M. B. Hall 











Car Foxboro Co Foxhoro 
Mass R. Johnston, Industrial Training Inst 
215 awrence Ave., Chicago, Ill M. Ladder 
Brown Inst. Co Phila Pa R. I Nichols 
Gulf Coast Magnolia Petroleum Co Beau 
Instrument Shop Layouts and Shop Equip 
nent Sub-Committee: R. I NiIcHOLs, Chairman 
} Coast Magnolia Petroleum Co seau 
rexas: W. G. Baker Jr Tent Amer 
can Enka Corp., Lowland, Tent “a or 
So y cuuM Oil Co Paulsboro N 
.% Novak G Coast i iuPont d 
Nemours (Ce Orange Texas r. H. Pierso 
So. Texas Corn Prod. Refining Cc Corpus 
Christ Texas; ( EF Werstle Ss Louis 
Socony Vacuur oO ( S. 20th St } Ss 
Louis. I 
n n for Test ( nmitt VW 4 
air ‘ Wast Nat i B 
Is, Washingtor a & 
n r Trans; tati Commit 
hairma Presque Isle r1¢ 
e, Pa 
Practices Committe Ww { 
rmar Houstor Humble Oil 
Baytowr Texas 1. G. Kerley 
Co Ir 50 West 50th St 
WwW Percy N J I Ss 
Steel ( I Kearney, N. J D. M. Boyd Chi 
r al Oil Prod. ( 3 S. Michigan Ave 
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Baytown, Texas; W E. Boyle, St 
Shell Oil Co., Wood River, Ill 
Thermocouples and Thermocouple Extension 
Wire Sub-Committee: J. W. Percy, Chairman 
(N. J.), U. S. Steel Corp., Res. Lab., Lincoln 
Highway, Kearney, N. J W. F. Boyle, 821 
Hale Ave., Edwardsville, Ill.; G. E. Van Ves 
sem, Bristol Co., Waterbury 91, Conn.; C. A 
Vogelsang, Brown Instrument Co., Wayne Junc 


Louis 


tion, Phila. 44, Pa.; J. F. Quereau, Leeds & 
Northrup Co., 4301 Stenton Ave., Phila, 44, 
Pa A. P. Steensen, Foxboro Co., Foxboro 


Mass L. Van Blerkom, (N. Y.), C. J. Tag 


liabue Corp., Frelinghuysen Ave Newark 5 
i. J L. C. Chamberlin, Genera! Electric Co 
West Lynn 3, Mass 

Flowmeter Installations Sub-Committee d 
JOHNSTON, Jr., Chairman, (Wilm), E. I. Du 
Pont de Nemours & Co., Inc., Wilmington, Del 
A. S. Chatfield, (Phila), 321 Rambling Way 
Springfield, Del. Co. Pa.; H. J. Horn, (N. J.) 
48 Shelby St., Dumont, N. J.; E. A. Adler 
Phila), 466 Lynbrooke Rd., Springfield, Pa 
A. L. Keeler, (Phila), Socony Vacuum Oil Co 
Paulsboro, N. J.; R ’. Fritzsche, (Phila 
Fischer & Porter Co., Hatboro, Pa.; H. L. Mc 
Culley, (Phila), Atlantic Refining Co. 3144 
Pessyunk Ave., Phila., Pa.; H. O. Hite, Brown 
Instr. Co., Wayne Junction, Phila. 44, Pa 
Control Valve & By-Pass Installations Swu/ 
Committee: C. W. Batzs, Chairman, (Houston 


Humble Oil & Refining Co., Baytown, Texas 
M. K. Andersen, (Houston Carbide & Carbon 
Chemicals Corp., Texas City, Texas; H. C. Givens 


Houston LaGloria Corp., Falfurrias, Texas 
J. M. Jones, Jr., The Texas Co., P.O. Box 712 
Port Arthur, Texas; E, D, Mattix Houston 
Cities Service Ref. Corp., Tutwiler Refinery 
Lake Charles, La R. L. Nichols, (Gulf Coast 
Magnolia Petroleum Corp Jeaumont, Texas 
J. A. Parker, Sr Houston Shell Chemica 
Corp., P.O. Box 2633, Houston, Texas; R. R 
Proctor Chi 192 Pomeroy Ave 


Il 


Crystal Lake 


Instrumentation 


Flow Plan Symbols Sub 
Committee y 


E HOSTEDLER Chairman 
N.J 81 Columbia Heights, Brooklyn 2, N. Y 








F,. L. Crabbe, (N. J.), Malcolm W. Black & Co 
41 E. 42nd St., N. Y. 17, N. Y.; H. E. Hansor 

s. 2 Standard Oil Dev. Co., P. O. Box 37 
Elizabeth, N. J E. R,. Huckman N. J Fox 
boro Co., 420 Lexington Ave., N. Y. 17, N. ¥ 
H A Irvir N. Y Taylor Inst. Co 
Rockefeller aza, N 20, N. ¥ M. Ma 
Donald, M. W. Kellogg Co., 225 Broad 
way, N. Y., N. Y.; S. D. Ross, (Phila Brow 
Inst Div Minneapolis-Honeywell Reg Cx 
Wayne & Roberts Aves., Phila. Pa 

Pneumatic Control Circuit Pressure Tests 

Sub-Committee: J, L, Lopez, Chairmar Aruba 
Lago Oil & Transport Co., Ltd., Aruba, N. W. I 

e All Aruba Section members 


Instrument Protective Cabinets Sub 
J. W. Grags, Chairmar Sarnia 











Imperial Oil Ltd., Sarnia, Ont., Cans W.A 
Crawford Wilm), E DuPont de Nemour 
& Co Wilming 1, De 

Support and Protection of Instrument Piping 
Sub Committee J. JOHNSTON, JR Chairmar 


W iln E, I 


DuPont de Nemours & Co 
l W. H. Fortney Hor 
Refining Co SJaytowr 
Young N. J Allied 

tact Mm ha H 





F. 8. Becker Phila 8 
Claymont, Del aot } l 
N. J R.F.D. No Proctor, W. Va E. A 
466 Lynbrooke Rd 








gZ Phila 21 S. Jackson St., Wood 
H, F. Moore N. J), Birch H Rd 
N V. Novak 30s 2001 
ge D. E. Hostedler y J 
Hei Brooklyn ae | 
Handling Sub-Committe \ \ 
Novak, Chairman Bos 2001 Burton, Orange 
rexas: R. M. Brent Gulf Coast Rt. 3, P.O 
Box 435, Port Arthur, Texas; L. P. Skinner 
2232 Crosslane, Orange, Texas; R. F, Minkus 
2009 Rein St., Orange, Texas 
Instrumentation for Hazardous Locations 
Sub-Committee R R ProcTror, Chairman 
P Oil Res. & Dev. Labs., P.O. Box 
Ill W. E. Carlson Chi), Cort 
Ce 201 N. Wells St., Chicago € 
sragg Chi Standard Oil ¢ 
York Ave Whiting, Ind \ 4 





Div., Glidden Co., 1833 8 
1¢ Til ( A. Williams 
ng Co 3500 Indianape 
id N. A. Manfred 
P.O. Box 976, Joliet 
Refining Co $500 Indianapolis 
ago, Ind N. A. Tornblom, Apple 
0 1701-1759 Welling Ave 
Chi) anell 
ago, Ill G D 
North Clark S 
Chi Texas ( 
Socony-Vacuu 
Sagby Ca 
Whiting, Ind 
Instrumentation for Corrosive Services Sub 
Committee R. Owens N. J Lake Dr., Mend 
ham, N. J I ( Blauvelt N. J 91 Park 
Ave. Unit 1-1A, Nutley, N. J T ©. Koet 
> Conoflaw Corp 100 Arch St Phil 





Section Data 
First Thursday. Meeting at 7:30 P.M 
Aircraft Instrument School 
ST. LOUIS 


W. G. Lee, 4710 Delor St., St. Louis M 
First Wednesday, Meeting at 8:00 Py 
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neers’ Club of St. Louis. “ 
March 8, “Chemical Process Contr Jar 
U. Fischer, Monsanto Chemica! Co 
April 5, “History of Feed Water Rey 
D. Allhouse, Northern Equip. Co 
TENNESSEE 
N. M. Taylor, 16 Edgewood, Kingspo 
No definite night, Dinner at 6:45 P. ¥ 
ing at 8:00 P.M 
TULSA 
C. R. Horton, 8211 E. 7th, Tulsa, 0 
First Monday, Meeting at 6:45 P.M 
neering Bidg., Tulsa Univ 
TWIN CITIES 
Alden Hine, c/o Giesika & Pinkney 
mouth Bldg., 6th & Hennepin Ave 
apolis 2, Minn. 
Fourth Tuesday, Dinner at 6:30 P.M 
WASHINGTON 
Raymond E. Miller, 20-224 Naval O 
White Oak, Md. 
Third Monday, Meeting at 8:00 P.M 
Co. Auditorium. 
WAYNE COUNTY 
Robert Karr, 2455 Biddle Ave W 
Michigan 
Third Monday, Dinner at 6:30 P.M 
at s 30 P M o Poremba Hotel Ecor s M 
WILMINGTON 
Dean Valentine, 34 N Hill Drive Wes 
Chester, Pa 
Third Tuesday, Meeting at 8:00 P.M. H 
Publie School, Wiln 
: | 
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Forward your letter to INSTRUMEN] 
SOCIETY OF AMERICA, 921 Ridge 
Ave., Pittsburgh 12, Pa. 


ASS’T. CHIEF ENGINEER by midwest regu 
lating valve manufacturer. Must be competent 
designer in valve and control instrument field 





with thorough application knowledge. $6500 
with bonus for outstanding performance. Box 
979 
© o 
N ENGINEERS, PHYSI 
CISTS Established electronic and _ contro 


Angeles, California area 


laboratory in Los 
offers exceptional opportunities in the field 
microwave techniques, moving target indication 


servomechanisms, applied physics, gyroscopic 
equipment, computers, pulse techniques, optica 
equipment, radar, fire control, circuit analysis 
applied mathematics autopilot design, electronic 
subminiaturization, instrument design, automatic 
production equipment, test equipment, electronic 


design, flight test instrumentation. Salaries 
commensurate with ability, experience and 
background. Working conditions and opportun 


ties for advancement are excellent. Give age 
education, experience and work preference it 
first letter. Box 278. 
. . - 

INSTRUMENT MECHANICS for immediate 
placement. Require five years experience main 
tenance and trouble shooting preferably ir 
chemical industry. Should be familiar with 
Taylor, Foxboro, Brown, Leeds & Northrup 
Bailey for pressure, temperature, liquid leve 
and flow; with automatic process control app!) 
cations, with pH instruments, potentiometer® 
and thermocouples. Must meet physical re 
quirements of company medical section. loca 
tion: Niagara Falls, N. Y. Box 279 


. . . 
INSTRUMENT MECHANIC by instrument re 
pair service company for repair work on time 
clock mechanisms. Should have some sales 
ability. Must have car. Start 75c per hour plus 
commission plus mileage. Location: Pittsburgt 
Pa. Box 280. 





», Pa H, M. Bear N. J 8 Bishoy 
archmont, N. Y 3. L. Binford Chi M 
rol, I 2110 Marshall Blvd., Chicago 23 
1 ©. Larsor N. J.), Fisher & Porter C 

W. 42nd St RB Piso N. B. Barte 

N. J 48 Kempshall Ter Fanwood, N 
H Andersor N. J 149 Maple St 
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REPORT on the METHODS Used in the 
1949 AGA-ASME Orifice Meter Tests 


By F. M. PARTRIDGE, Southern California Gas Company 


to determine orifice meter coeffi- 
cients by use of tables in publica- 


Pric dere practice in California is 


tions of the California Natural Gas- 
vliue Association. These tables are 
based on data in “Gas Measurement 


Committee Report No. 2” of the Na- 
tural Gas Department, American Gas 
Association, which is a final report on 
a series of tests conducted during the 
period from 1924 to 1935. The Fluid 
Meter Research Committee of the 
American Society of Mechanical En- 
gineers collaborated with the A.G.A. 
Committee in some of its work and 
n the preparation of the final report. 

The tests upon which the 
ports were based were conducted al- 
most exclusively with orifice plates in- 
stalled between flanges and _ resulted 
n valuable data on basic orifice coeffi- 
cients, pressure tap locations and 
lengths of orifice tubes required for ac- 
gas measurement. 


above re- 


urate 
In the years since “Gas Measurement 
Committee Report No. 2” was written 
there have been developed several new 
ented before the Southern California Meter 


ition, January 19 


Rockville Measurement Station 


Fig. 1. 


of the 


or different methods of installing orifice 
covered in the 


meters which are not 
report. To determine what effect these 
newer practices have on measurement 
and to recognize and approve the use of 
orifice fittings and meter runs, 
an AGA-ASME Joint Committee on 
Orifice Meters was appointed to conduct 
a series of tests and prepare a report 
covering the following subjects. 

1. Disturbance Tests. These 
are to determine the effect of various 
valves and fittings upstream from the 
orifice meter and to determine the min- 
imum lengths of meter tubes to be used 
under certain standard conditions. 

2. Effect of Plug and Elbou 
Disturbances. These tests are to de- 
termine the effect of various plug 
valves in the upstream meter run and 
also in the riser upstream from the 
meter run. 

3. Effect of Pipe Sizes. It is desirable 
to obtain additional data on which to 
base the practice of using data obtained 
with one size meter on a meter of differ- 
ent size. This work will include per- 
forming similar tests on 2-in., 4-in. and 
8-in. meters and comparing the results 
obtained. 


bored 


tests 


Valve 





Atlantic Seaboard Corporation 








March MEETING: Thursday the 16th, 
| Rio Hondo Country Club, Downey, Calif. 
Dinner at 6:30; meeting 8 sharp. 


| Feature: “Gas Regulation and Con- | 
| trol” by J. H. Cope (Fisher Governor | 
| Co..) Marshalltown, lowa 


Non-members cordially invited 
THERON S 
Publicity 


Copy | 
Chairman | 











4. Size and Location of Pressure Tap 
Holes. It is felt that additional 
are needed on the proper size and loca- 
tion of pressure tap holes, particularly 
flange taps which are now located 1 
inch from the plate regardless of the 
size of the meter run. 

5. Comparison of Select Pipe witl 
Bored or Machined Meter Tubes. 

6. Comparison of Orifice Fittings and 
Standard Flanges for Holding the Ov 
fice Plates. 

The tests to date have been principal- 
ly in connection with Item 2, Effect of 
Plug Valve and Elbow Disturbances 
With the benefit of the experience 
gained on tests it is probable 
that the remaining tests will progress 
more rapidly and may be completed by 
the end of 1950. 

The tests were started in the early 
part of 1949 at the Rockville Measure- 
ment Station of the Atlantic Seaboard 
Corporation about 15 miles from Wash 
ington, D.C. It is at this Station that 
the gas for the City of Washington is 
delivered to the Washington Gas Light 
Company. A general view of the Meas- 
urement Station and testing set-up is 
shown in Fig. 1. A diagrammatic sketch 
of the reference and test meter piping 
is shown in Fig. 2. The rate of flow 
was regulated with the parallel 8-in., 
2-in. and ‘%-in. valves shown at the 
left center (also see Fig. 6) and the 
static pressure was controlled by partly 
closing the outlet valve. 


data 


these 


The numbered sections shown in Fig 


2 are the test sections which 
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The 


sections are 


jointed with flanged connections. 
dimensions of the test 
as follows: 


DESCRIPTION OF SECTIONS 


Remarks 


Section Size Length 
in ft. in 
1 s 210 
2 4 210 4x8 in. reducer at 
one end 
Z 4 gO 
4 j 7 ¢ Includes 4 in. plug 
valve and 2 in. by 
4 ‘ 
‘ 4 590 
7 4 ’ 
2&9 ry | ions elud 
it 4 >9 
ll 4 »o 
ic i $f 
13 4 6 
14 4 4 in. plug valve and 
4x5 reducer at 
downstream end 
All sections have 400-lb. A.S.A. flanged ends 
Similar seetions will be used for tests with 
2 in. and 8 in. meter runs 
Inasmuch as orifice meters are in- 
ferential meters, some means must be 
provided for calibrating the meter 


under all desired operating conditions. 
For these tests a reference meter is 
used that is always operated under the 
same conditions. 

By always testing the same two ori- 


fice plates in series and conducting each 
series of tests at the same flow rate it 
can be shown that the general orifice 
meter equation. 


Q=3382AGd*YE PY FaFavhh 


can be greatly simplified by eliminating 


the factors 

338.2 Ko d* V3 Fp 

Q Quantity of flow in standard 
cubic feet per hour. 

Ky, Orifice discharge coefficient. 

d Orifice diameter, inches. 

G Specific gravity of gas, air 
equals 1.00. 

T Temperature of flowing gas, 
degrees F. absolute. 

Y Superexpansibility factor. 

ee Expansion factor. 

Fx Reynolds number factor. 


h Differential pressure 
orifice, inches of water. 
Ps Pressure of flowing gas at 
downstream pressure tap, psia. 


across 


In comparing results obtained from 
the reference and test meters it is not 
necessary to compute the cubic feet of 
gas passing through each meter and 





Fig. 2. Arrange- 
ment of Piping and 
Test Meters at 
Rockville Meas- 25 


urement Station 
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then determine the percentage differ- 
ence. This difference can be obtained 
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Fig. 3. 


View of the Reference and Test Meters 





directly by dividing the simplifie. 4, 
equation for the test meter by th. sin 
plified flow equation for the ref: eno, 
meter. The resulting ratio is cal]. ; ¢), 
“Test Meter Factor” and is desi; 

by the letter F’. Thus: 


F= , 
[zz 2h] Reference Mets 


Each different set-up of the tes s 
tions is termed a “Combination. Fo; 
each “Combination” an extensive 
tests are performed under four rates 
of flow with each of seven diff 
sizes of orifice plates installed the 
meters. The pressure of the flowing gas 
was generally between 120 and 20 
psig. and the four flow rates we: 
at a differential pressure of ap} 
mately 10 in. and 50 in. of wat 
umn and 10 in. and 50 in. of mercury 
The orifice sizes used were: 





Test Meter 


Size Plate 


Reference Meter 


Size Plate Beta B 
i 1.250 0.310 1.250 
2 1.625 0.404 1.625 ».404 
3 2.500 0.621 2 500 yf 
4 2.875 0.714 2.875 0 4 
125 0.77¢ 3.125 0.7 
f ,VIRT 0.800 875 0 - 
7 3 2187 0.800 3500 O8 
The four flow rates with each 
seven different orifice sizes make 


total of 28 tests that are run for eac} 
different “Combination” of test  sec- 
tions. The high beta ratios used on th 
test meter are applicable principally t 
steam measurement where it is 
able to keep pressure losses to a min 
mum. It was not deemed advisable 
exceed a beta ratio approximately (8 
for the reference meter. 


desir 


Four different sets of pressure tay 
are connected and used on the test 
meter located as follows: 

Flange Taps—1 in. upstream an 


downstream from the respective orific 
plate faces. 
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Taps—2% pipe diameters up- 
P , and 8 pipe diameters down- 
ctroam from the upstream face of the 
orit plate. 


,at Taps—One pipe diameter up- 
stream and % pipe diameter down- 
stream from the upstream orifice plate 


Corner Taps—The pressure tap holes 
open in the corner formed by the pipe 
wall and the orifice plate. The corner 
taps are quite generally used in Europe 
and were included in the tests for this 
reason. 

Flange taps only are used on the 
reference meter. 


PRESSURE MEASUREMENTS 


Static pressures are measured by use 
of a dead-weight gage with fractional 
weights which accurately indicate pres- 
sures to 0.1 psi. The difference between 
the static pressure on the flange taps 
and the static pressure on the corner, 
throat, and pipe taps is measured by 
manomters and the static pressures for 
the corner, throat, and pipe taps are 
then determined by adding or subtract- 
ing this difference as measured by the 
manometers to the pressure measured 
by the dead-weight gage. 

All differentials are measured by U- 
type manometers, 60 inches long, with 
0.1-in. divisions. On each pair of taps 
two manometers are manifolded to- 
gether, one filled with mercury and the 
other with water so as to cover the de- 
sired differential range. 

Flowing temperature measurements 
are made using mercurial thermom- 
eters with l-degree F. divisions. Three 
thermometers are used, one upstream, 
one between the reference meter and 
the test meter, and the other down- 
stream from the test meter. 

The assembly of manometers and 
dead-weight gages used in the tests 
is shown in Fig. 4. Starting at the ex- 
treme right are shown: (1) the mer- 
cury and water manometers for the 
reference meter, (2) the dead-weight 
gage connected to the reference meter, 
(3) the dead-weight gage connected 
to the flange taps of the test meter, (4) 
the mercury and water manometers 
for the test meter flange taps, (5) a 
well-type manometer to measure the 
difference in static pressure between 
the test meter flange taps and the pipe 
and throat taps, (6) the mercury and 
water manometers for the test meter 
throat taps, (7) for the pipe taps, (8) 
for the corner taps, and (9) on the left 

another well-type manometer to 
isure the difference in static pres- 


sure between the test meter flange taps 


the test meter corner taps. 
METHOD OF TEST 


ach test run is performed in the 
wing manner. The flow rate is ad- 
ed by means of the inlet valves 
Fig. 6) until the desired differen- 
corresponding to the flowing pres- 
is obtained. The flowing pressure 
ijusted as necessary by means of 
utlet or the intermediate valve 


Close-up of 

















Dead-weight Gages 
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Fig. 6. Valve Assembly used for Controlling Flow Rates 
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Fig. 


as required. After the flowing condi- 
tions are in equilibrium the actual 
readings are taken on the manometers 
and dead-weight gages shown in Fig. 
4. Each test consists of a series of ten 
readings of each instrument taken 
simultaneously at thirty second inter- 
vals for the five minute duration of the 
test. A buzzer operated by an electric 
timer indicates the proper time to re- 
cord the readings. 

To calibrate the test meter, sections 
8 and 9 (Fig. 2) were removed and a 
calibration section which included only 
two ells and straight pipe was installed. 
A complete of 28 five-minute 
tests (four different rates with each of 
seven different orifice plates) were run 
and used as a basis for comparing the 
results obtained with the test meter 
when used with the various test “Com- 
binations.” By dividing the “F”’ ratio 
obtained with a given test “Combina- 
tion” by the “F”’ ratio obtained on the 
calibration tests and multiplying by 100 
the effect of any given “Combination” 


series 
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Pressure Gradient Curves in Vicinity of Orifice 














RESULTS 








Conclusive results from thes: 
will not be available until the 


obtained from the individual te are 


averaged, plotted, and analyzed. Th, 


results of one test cannot be regs rdeq 


as conclusive. It is not until the 

of a great number of tests are ar 

that confidence can be placed ir 

and they can be used as a ba fo 

commercial gas measurement. 
The use of four sets of pressu 

holes on the test meter made it } bl 


to obtain a graphic illustration of th 


pressure conditions in the vicin 

the orifice. Particularly interest 

the pressure variation very close to th 
orifice plate that is revealed by th 
corner taps. Fig. 7 shows a cur\ ! 
one particular orifice under two differ- 
ent flow rates. For the higher rate th, 
differential at the upstream plate fac 
was more than four inches wate 
umn higher than at a point 2% 
diameters upstream. The pr ! 
dropped practically instantly across 
the plate so that at the downstream 
face the pressure was approximate} 
48 inches water column lower than at 
the upstream face. The pressure then 
continued to drop until the vena 
tracta was reached and then rapidly 
increased until at eight pipe diameters 


downstream the pressure was only 
about 23 inches lower than it was 


the tap located 2% pipe diameters up- 


stream from the plate. This illustrates 
the importance of the proper locatio1 
of the pressure taps, particularly 
flange taps, and the need for additiona 
test work to determine the 
tions for them. Fig. 8 shows the specia 


best loca- 
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on gas measurement accuracy could be 
determined on a percentage basis. 

The first tests after the calibration 
run was complete were run with sec- 
tions 8 and 9 reinstalled in the line as 
shown in Fig. 2. The 4-in. plug valve 
shown in section 9 was alternately in- 
stalled in the riser and in the test meter 
run and a series of 28 tests conducted 
in each position. When this test was 
completed sections were successively re- 
moved starting with Numbers 7 and 10 
and the tests repeated at each step. Up 
until the end of October 1949, approxi- 
mately 850 tests had been run complet- 
ing 28 test “Combinations” and sections 
5, 6, 7, 10, 11, and 12 had been removed. 
These tests consisted of testing three 
different types of plug valves located 
both in the riser and in the meter run 
at distances from 10 to 55 pipe diam- 
upstream from the test meter. 
Straightening vanes were not used on 
these tests but it is planned to repeat 
the more critical tests with straighten- 
ing vanes installed. 


eters 

















Fig. 8. Special fitting for use in testing 
the effect of size and location of pressure 
tap holes. 


spacer rings that have been made wu] 
for use in conducting tests to detern 
the proper size and location of press 
tap holes for the most efficient and 
curate gas measurement. There are 14 
sets of pressure tap holes of vai 
sizes and locations in these space 


CONCLUSION 
much ¢ 


result f 
the AGA 


It is anticipated that 
and valuable data will 
the work being done by 
ASME Joint Committee on O01 
Meters and that the final report 
the project will make possible the 
of newer meter installation met} 
and will be another step toward n 
dependable gas measurement with 
fice meters. 
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‘In power or process piping, youll 
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WITH THE time 


HONEYWELL BYPASS 


Outmoded ét-up at left uses 18 
threaded joints . . . Honeywell 
ass uses only eight. 





= Honeywell Bypass is a completely assembled and 
ready-to-use unit .. . compact and convenient. It elimi- 
nates from eight to fourteen threaded joints... with the 
usual leakage and maintenance . . . and affords continu- 


ous, trouble-free operation. 


Yet it costs no more than the assortment of valves, 


: ee os sia ares WORLD'S 
nipples, fittings, unions and pipes (plus the cutting, apse 
threading and assembling) that you may be using now. ORGANIZATION 
lhe Honeywell Bypass is available in Bronze, Iron and evemenitenatn 

. wi fies yPpass 18 aval e, an INSTRUMENTATION 


Steel .. . for pressures up to 300 Ibs. . . . with screwed or AND CONTROL 





flanged ends. 


Call in your local Honeywell engineer for detailed Write, today, for a copy of Bulletin $254-1 
nformation on this bypass and such other Honeywell 
ee eee ee ee es MINNEAPOLIS-HONEYWELL REGULATOR CO. 


products as: Hi-Lift Hand Control Valves, Transfer BELFIELD VALVE DIVISION 
Valves, Low Lift Diaphragm Control Valves, Liquid Philadelphia 44, Pa 
Level Devices and Steam-Jacketed Rotary Cocks. Oifices 1n'73 principal cities of the United States, Canada and throughou? the world 








Diaprh rcagqm Valves 
MINNEAPOLIS “weed 
Honeywell } AND PROCESS CONTROL SPECIALTIES | Belfield 
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MOELLER 
INDUSTRIAL THERMOMETERS 


.-+ Built upon Four Generations of 


GUARANTEED ACCURACY 


@ Engineered to meet the exacting demands 
of modern science and industry. 

@ Designed with the exclusive, patented Moel- 
ler Red Reading Glass for quicker, easier 
reading. 

@ Sturdily constructed to assure years of last- 
ing satisfaction. 

@ Available in 5, 7, 9 and 12 inch cases, with 
fixed or separate socket connections, in 
straight and angle form, with any desired 
scale range. 


For 80 years Moeller Products have set the standard of 
accuracy in the design and manufacture of temperature 
indicating, measuring and recording instruments. Send 
for the new Moeller Catalog, now on the press, and liter- 
ature covering — 


INDUSTRIAL, LABORATORY 
AND RECORDING THERMOMETERS 
THERMOSTATS © HYGROMETERS 
HYDROMETERS © PSYCHROMETERS 
AND MARINE SPECIALTIES 


MOELLER 


INSTRUMENT COMPANY 
132nd ST. and 89th AVE. + RICHMOND HILL 18,N. Y. 
Representatives in Principal Cities 
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Regulation of pH Continued from } 159 
agent is added to the surface or body of tank conte: <, )y 
is not serious in many cases because of the nature eac. 
tions. 

The reagent should, wherever possible, be introdu 
a residence at a point of small cross-sectional area, 
the inlet as illustrated in Fig. 79. This is especia 
when “burning” or decreased yields result from lized 
over-treatment, or where occlusion may result fron act 
of suspended matter or precipitates and concentra od ye. 
agents. As a general rule, unless unusual conditions ! 
volved, reagent should contact the process liquor by and 
ing into an environment of increasing concentration /ath 
than the reverse. Reactions are more stabilized and 1 
ulator has better command of the process. 

There are a number of examples of this eff 
in chemical processing and some are commonpl: 
experiences. Probably everyone is familiar w 
the explosive results of pouring water into c¢ 
centrated sulphuric acid while the reverse proc 
ure is less hazardous. Crystalline structure of p 
cipitates is, in many cases, dependent on the ord 
of mixing reagent and process medium while ot} 
reactions require a definite order and concentra- 
tion of admixture to avoid precipitation or so-call 
“case hardening” (trade nomenclature) of prod- 
uct. Some pharmaceutical preparations requi) 
the addition of a small low-concentration strea: 
of process liquor to a large volume of concentrated 
salt of acid to obtain the desired end product. Th« 
reverse order produces an entirely different prod- 
uct. There are numerous other examples of the et! 
fect of concentration gradient on the quality 
product or the ratio of yield of main product to 
side products: Changing the concentration gradient 
will change the products derived from many given 
process reactions. So far as this effect is con- 
cerned, one may, in some cases regard the process 
liquor as the reagent, and the reagent as the proc- 
ess liquor. 

The figure of merit or effectiveness of reagent in bring- 
ing about a pH change is determined by its concentrat 
or the equivalents of reactant per gallon of solution. A gal- 
lon of 10 percent reagent has considerably greater effect 
(not twice) in changing pH of a process than the same vol- 
ume of a 5 percent solution added in the same increment 
time. Or a 5 percent solution will cause a greater chang: 
pH than a 2 percent reagent for a given throttling rang 
of the control valve. If the concentration is reduced, t 
throttling range must likewise reduced to compensat 
for a given load change in a given process. Conversely, 
reagent concentration is increased, the valve throttling 
range must likewise be increased—but there are practica 
limits in either direction. As the reagent strength is re- 
duced, the time required to add a given number of equiva- 
lents of active chemical to the process is increased f 
given valve rate and instrument response. Stronger rea- 
gents may be so reactive that valve motion cannot be st 
bilized within the limitations of lost motion or hysteresis of 
the valve. 

Average concentrations of reagent for most common pH 
applications varies from 0.5 percent (by weight) to 15 per- 
cent for proportional-position regulators, depending on sp 
cific applications. Special applications may require high 
concentrations but in every case there will be found an opti- 
mum ratio between valve size and reagent concentration f 
a given reaction period of the regulator. Adjustments i1 
agent concentration may be found more effective at a fi. 
throttling range in stabilizing control than the reverse 
adjustments, but any reduction of concentration will 
reduce the effective pH rangeability of the valve. Ther 
theoretical approach to optimum conditions but, in 
cases, reagent concentration is fixed by other factors 
taining to the chemistry of reactions and the contr 
gineer is forced to accept this limitation in designing 
control application. 

Caseaded regulators may offer advantages in some « 
and use may be made of techniques developed for 
control applications. Effective rangeability of tempera 
control valves has been widened by parallel operation of 
valves of different sizes (or of equal size) with one acting 
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MILTON Foy PUMPS 





New! “aiROYmetric”’ 
CONTROLLED VOLUME CHEMICAL PUMPS 


These are positive displacement, precision metering 
units, with the exclusive Milton Roy double-ball 
check liquid ends, powered by simple air cylinders. 
Plunger stroke length (capacity) is adjustable while 
operating by means of screw and hand-wheel. 
Capacities from 0.4 to 405 GPM. Pressures to 
20,000 psi. Plunger diameters from 5¢” to 3'4”. For 
controlled volume pumping... practically all chemi- 
cals, slurries, solids in suspension etc. Sanitary liquid 
ends are available. Ideal units for automatic feed 
systems. Write for diagrams and complete details. 


MILTON froy COMPANY 


1309 €. MERMAID AVE., CHESTNUT HILL, PHILA. 18, PA. 


D-C-P’ 


* DIFFERENTIAL 
COMPUTING 
POTENTIOMETER 








NOW-—oadd or subtract two variables in one instrument—with one 
voltage source! This compact unit does work of two potentiometers — 
saves cost by eliminating one—has high inherent accuracy of a single 
potentiometer. 

When one variable rotates shaft and other rotates body of this 
Type 748 Potentiometer, net voltage sum or difference is brought out 
through coin-silver precision slip rings in cover plate, shown above. 

Linearity of 0.10% is guaranteed —and the high resolution, long life, 
low noise level, and low torque found in all Fairchild Precision Linear 
Potentiometers can be depended upon as always. 

Suggested applications for this new precision instrument include use 
in servomechanisms for computing or power amplification, direct replace- 
ment of 2 single potentiometers when one is being used for compensation 
or correction purposes, etc. For details, address: Dept. N, 88-06 Van Wyck 
Boulevard, Jamaica 1, N. Y. 


CAMERA AND INSTRUMENT CORPORATION 
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as an “enricher” to blend a higher-Btu. gas (propane wii} 
the lower Btu. control gas. The same technique may 
plied to widen effective rangeability of pH contro! 
as illustrated in Fig. 89. 

It is not desirable from a cost standpoint to hand). yey 
dilute reagents because large storage tanks may be 1 ' 
for batch preparations. However, it may be possibl 
stall a continuous dilution system using cascaded reg , 
similar to Fig. 62 or a positive displacement proport sping 
pump (Fig. 90) as has been done successfully in some cas, 


dilste reagent — | srong_ceoge 
xX valve actuating 
ae 




















nrosess inflvent nai 








Fig. 89. Parallel-coupled valves controlling flows of different 
strength reagents, widening effective rangeability of pH contro} 
valve. 


On the other hand, reagent concentration is sometimes 
fixed by the chemistry of process reactions and the contr 
engineer is forced to use small-size valves of special con- 
struction. Two of the three adjustable variables are thus 
fixed leaving but one degree of freedom namely, throttling 
range adjustments, or, possibly, selection of a different mod 
of regulation. Moreover, drop-feed valves feeding highly 
concentrated reagent may be objectionable because of dis- 





pump motor control:- 
<7] throttling or intermittent, 
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Fig. 90. Continuous dilution 
reagent supply process having 
low storage volume but high 
capacity. 








continuity of feed and it would seem more desirable to us 
a controllable diffusion device. Some engineers have re: 
ported favorable results with multi-stage (two-piston) pos 
itive-displacement feed pumps for small-volume reagent! 
feed. 


The importance of concentration gradient and reagent 
strength may not be apparent to the control engineer un- 
familiar with the chemistry of process reactions and he ma) 
be at a loss to understand why it is possible to obtain sat- 
isfactory control under certain conditions and not others 
This is the partial subject of another paper now in prepara- 
tion and will not be discussed in detail here. However, tht 
problem is of importance in pH control and Figs. 91 and 92 
may serve to acquaint the control engineer with some li 
ing effects involved. 

Fig. 91 illustrates the relative effects of alumina con 
tration and pH range of floc formation in water treat 
processing. Not only does the lower alumina concentra' 
precipitate less floc but the range of effective pH contr 
diminished and the equivalence point (optimum cor 
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TYPE 6 Densilive CONTACTOR 








Avoilable either 
as shown, or 
hermetically 
sealed. 


A polarized electromagnetic 
structure of large capacity pro- 
viding switching up to 4-pole 
2-throw S-amp. nominal rating. 














Measuring Response 
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Amplifying 

















Decrease 


For POSITIONING, REMOTE CONTROLLING (as in servos) and 
TELEMETERING. When conditions are “normal,'’ armature is 
forcibly maintained in a balanced condition, all circuits open. 


Normal (Ist pos.) 


«4 over -center 
aa Mognetn toggle 













Initiating Controlled 


a Functions 
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Abnormal (2nd pos.) 
For SWITCHING, OVERLOAD PROTECTION, etc. Momentary 
Signal as from push button or circuit overload trips relay, which 
remains “Latched’’ until electrically reset. 
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75 Ceylon EECHISLTAE Boston, Mass. 





THE COMPLETE LINE 


Now furnished in stainless steel bulb and nut, Mar- 
shalltown dial thermometers are accurate, compact, 
durable instruments for the indication of liquid or 
gas temperatures. They are available in a variety 
of temperature ranges from minus 40° F. to plus 
500° F. Actuation is positive, direct with full free- 
dom — no gears or pinions, Available in sizes 2”, 
2%”, 3%” and 44”. 


WRITE TODAY FOR FULL DETAILS AND PRICES 














® Now, instead of standing on a step 
ladder—as when reading long range, 
single column manometers—the op- 
erator can read high range pressures, 
vacuums, and differentials from the 
floor level. 


This new manometer development— 
the DUAL-TUBE, Meriam Model 
M-100 — consists of two separate 
manometer tubes in the same case— 
each tube with individual well. The 
left tube has a scale increasing up- 
ward; the right tube a scale increasing 
downward. Both tubes are connected 
in parallel to the same pressure source. 


ss = ¢ ss = wt 8 # ee *@ 


























The instrument is ideal as a calibrat- 
ing standard manometer for checking 
flow meters, pressure gauges, and 
other secondary units operating on 
pressure or vacuum principle. It is 
direct reading. Since both tubes indi- 
cate the same reading, the operator 
can choose the one most convenient. 
It helps avoid accidents, saves time 
and effort in reading. Of simple, rug- 
ged construction, it is built in accord- 
ance with Meriam standards of ac- 
curacy and sensitivity for long, reli- 
able service. Ask for Catalog Sheet 
M-100WM. 


THE MERIAM 
INSTRUMENT COMPANY 


10956 MADISON AVENUE + CLEVELAND 2, OHIO 
WESTERN DIVISION: 


1418 Wilson Ave., San Marino 9, Calif. 
IN CANADA: Peacock Bros., Ltd., Montreal 
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Two Bridges ca Oue!/ 
KELVIN Gad WHEATSTONE 


Newly redesigned for top-notch convenience 
and accuracy... 

Combining both Kelvin and Wheatstone 
ranges from 0.0001 ohm to 11.11 megohms... 

Priced at little more than the cost of a single 
bridge with a limited range... 

This Shallcross No. 638-2-4 combined 
Kelvin-W heatstone Bridge is a typical example 
of Shallcross instrumentefficiency and economy. 

Other instrument types include: 


iat aoe « DECADE POTENTIOMETERS 
GH VOLTAGE INSTRUMENTS 
WHEATSTONE BRIDGES «RESISTANCE STANDARDS 
FAULT LOCATION BRIDGES, ETC. 


Write for details on any type. 


SHALLCROSS 


Manufacturing Company 
Dept. -S-20 Collingdale, Penna. 





FOR 
SMALL 
FLOW-RATES 
IN THE 
LABORATORY 


DUAL SYRINGE 
FEEDE 


@ POSITIVE GEAR AND CAM DRIVE WITH 
SYNCHRONOUS MOTOR 


@ GLASS CYLINDERS AND PLUNGERS 
@ FLOW RATES 7.6 TO 4860 CC PER HR. 
@ UNIFORM NON-PULSATING FLOW 


WRITE FOR PARTICULARS 


MODERN METALCRAFT 


1075 N. EASTMAN RD. 
MIDLAND, MICHIGAN 





Page 198—IJnstruments—Vol. 2 








point) shifted. This may appear to be pure proces 
istry without bearing on control behavior, but it : 
borne in mind that shifting of the equivalence point 
control installation may affect its equilibrium lag an 
cue characteristic instability of control which, 


the 


. 80 


O.005 MOLAR AIC, 


0005 MOLAR AlS}3 


RANGE: 7,2 - 10.0 pit 


PERCENT ALUMINA FLOC PRECIPITATED 


RANGE: 7.6 9.3 ptt 








he---- EQUIVALENCE POINT------ 
o— — EQUIVALENCE POINT ——~— 
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Fig. 91. Effect of concentration gradient of chemical process on 
control point variations. 





cases, can be corrected by operating at a lower concentra- 
tion gradient. 

Reagent strength is highly important and, in many cases, 
must be held uniform and constant particularly where de- 
layed flocs or precipitates are formed as a result of inter- 
action with process liquors. If concentration of reagent 
process liquor changes, the result may be as indicated 
Fig. 92. The controller may “see” one pH and attempt t 
control at that value within a given bandwidth but the 
effective process pH will be offset by an amount dependent 
upon its concentration gradient. The process may respond 
differently and not necessarily at the same band widt} 
Furthermore, the time relationship between concentratior 
and pH, as given in Fig. 92, establishes equilibrium lag 
CONCENTRATION 
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Fig. 92. Effect of reagent concentration on apparent control 
point. If concentration changes, the process effective control px 
may shift and not respond at the rate indicated by the control 
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... accurate 
Torque Control 






Friction 

No Adjustments 
Moving Parts 
Fragile Mechanisms 


Accuracy—Perma- 
More nently Accurate— 

Closer Product 

Quality Control 
Tool Life—Lower Tool Cost 
Speed—Lower Assembly 
Cost Per Unit 


H How tight threaded 
vessing fasteners are. Use 
a S.urtevant perma- 

nently accurate 

forque wrench to obtain prod- 

uct quality control and thus 
insure field performance and 
product reputation. Write for 
Bulletin—SWI3 
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| HELLIGE 6 


GLASS ELECTRODE 


p - METER 








| Hellige pH-Meters, embodying RELIABIL- 

TY, VERSATILITY, AND SIMPLICITY, are 
| leal instruments under rigorous conditions. 
| w-priced and self-contained, they can be 
ed anywhere. 


PRECISION OF MEASUREMENTS 
0.05 pH unit and 0.005 voit 
| 0.0! pH unit and 0.00! volt 
| 


NRITE FOR BULLETIN No. 7040-A 


HELLIGE 


INCORPORATED 
8 NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 











MIC 


I You get permanent accuracy be- 

© cause the resistance wire is locked 
in place. It is precision positioned 
and moulded integrally with the 
housing. 


2 You get permanently accurate set- 
tings, smooth action and low 
uniform torque provided by the 
stainless steel, precision ground, 
double thread lead screw guiding 
the moving contact. 


3. You get precise positioning of the 

‘® moving contact becouse of the 
two bearings supporting the rotor 
assembly. 


4 You get good rigid terminals be- 
“Me cause they are moulded integrally 
with the housing. 


5 Terminals soldered to ends of re- 
wo led, i . before Ld 





Entire resistance circuit is an inte- 
gral part of the housing. 


You get accurate setting and re- 
6. setting due to anti-backlash spring 
in contact guide. 


4 You get a fine resolution because 
@ of the 4314” length c‘ -esistance 
wire in the spiral element, 


2 You get a resistance output directly 
® proportional to shaft rotation with- 
in +0.1% of the total resistance, 


PRECISION TEN-TURN POTENTIOMETER 


ROPOT 




























LINEARITY 
accuracy + 0-'% 


Units for immediate shipment: 
1,000 to 30,000 ohm range. 
Special resistance values made to order. 








Every potentiometer is automatic- 
ally machine tested for linearity 
at 101 points. 








DETECTORS 


find leaks quickly 


With G-E leak detectors you 
can easily locate even the small- 
est leaks in closed systems. De- 
tectors are ideal for locating 
leaks in installed equipment or 
in the products you make. 

Use the Type H detector for 
pressure systems, the Type M 
for evacuated systems.* Write 
for Bulletin GEC-233 (Type H) 
or for GEC-336 (Type M). Ad- 
dress Apparatus Dept., $687-21, 
General Electric Co., Schenectady 
5, New York. 


*If the system is filled with combustible 
gas, write for special application in- 
formation. 


GENERAL @@ ELECTRIC 


WRITE TODAY FOR 
ENGINEERING INFORMATION 


GIBBS DIVISION 


if GEORGE W. BORG CORPORATION 


DELAVAN® WISCONSIN 





MERCOID 


MERCURY SWITCHES 


Superior Quality and Workmanship 


They are not affected by dust, dirt or corrosion 
and have many definite applications where open 
contacts are not suitable. Various types available 
MERCOID is your guarantee of the best in mercury 
switches. Further information sent upon request 


MERCOID 


SOLVES INDUSTRY'S AUTOMATIC CONTROL PROBLEMS 





THE ONLY 100% MERCURY 
SWITCH EQUIPPED CONTROLS 


Designed to automatically 
regulate electrically oper- 
ated equipment in accord- 
ance with changes in tem- 
perature, pressure, vacu- 
um, or fluid level 





if you have a problem on the automatic 
control of pressure, temperature, liquid level, 

mechanical operations, etc., it will pay 
you to consult Mercoid’s engineering staff — 


eee eee te eeeeseeseseeseeseeeetreseetreeeeeseeeeeeeneeveegease® 
ere ee er eee eet te eerereeeeevseereee ee eseeeeeeeeseeeeee ees 


always ot your service. 


THE MERCOID CORPORATION 
4227 West Belmont Avenue, Chicago 41, IMinois 
MANUFACTURERS OF AUTOMATIC CONTROLS FOR HEATING, AIR 
CONDITIONING, REFRIGERATION ANO NUMEROUS “INDUSTRIAL 
APPLICATIONS. ALSO MERCOID BRAND MERCURY SWITCHES. 
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Sue PRE-INSULATe, 
SOLDERLESS TERMINALS ” 


FO 
PRODUCTION MAGic 




















IF YOU MANUFACTURE AN 
ELECTRICALLY WIRED PRODUCT: 





SAVE TIME! AMP PRE-INSULATED Solder! ‘ermi 
be installed in ONE quick operation ! aie cocaine 
REDUCE COsTS! 
or apply. 
IMPROVE QUALITY! High strength crimp. i i 

UALITY! High f p, insulation support, 
VIBRATION RESIST ANCE, make these terminals sanoelat beaks 
electrically and mechanically. 






No tape or insulation tubing to stock, handle, 








AMP TERMINALS ARE ALL THE MAGIC YOU NEED 
TO HELP MARKET YOUR ELECTRICALLY WIRED 
PRODUCTS BETTER, QUICKER, AND CHEAPER. 
AMP TRADE-MARK Reg. U.S. Pat. Off. 
22-16 Red 


nies ALL TERMINALS WITH PRE-INSULATION 
1210 vetew ARE PROTECTED BY U.S. PATENT 2410321 


————— AIRCRAFT-MARINE PRODUCTS INC. 

a 1506 N. FOURTH STREET, HARRISBURG, P 4. 
Sole Conadian Representative : 

F, MANLEY & SONS, LTD., Toronto, Ont., Canada 


CAMBRIDGE 





COLOR CopED 





















RESEARCH 
MODEL 








INDUSTRIAL 
MODEL 






LABORATORY 
Sy MODEL 


' pH METERS 


line-operated — accurate! 





















3 


The three models illustrated above incorporate many new and 
important advantages. All are AC line-operated no battery 
nuisance. Laboratory and Research models use electron-ray tube for 
precise null-point indication. Industrial model is a direct-reading 
instrument, ruggedly built for plant use. 


Accuracy: Research .02 pH, Laborctory .05 pH, Industrial .10 pH. Other 
line-operated Cambridge pH equipment includes single- and multi- 
point indicators and recorders. Send for bulletin 910-MR. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3742 Grand Central Terminal, New York 17, N. Y. 
Manufacturers of 


INSTRUMENTS 


Pioneer 


PRECISION 
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with its characteristic effects as given in the fi 
chapters. 

It is not sufficient that the “process chemistry” of | ey). 
trol installation be ignored with the defense that a ‘goo, 
instrument” has been applied and is faithfully re “ 
what it sees and that the instrument engineer has d 
job. Our purpose in applying a pH controller is t 
about some desired end result in the process, not the jnstry. 
ment, and it is especially necessary that process che) isty, 
be recognized and understood to achieve good contro] of 
PH or other similar concentration variables. 

Too often, ignorance of this condition has led to Use» dic. 
satisfaction. The equipment supplier has defended the me. 
chanical and electrical performance of his equipment yet 
the User did not achieve the results expected. Contro| in. 
stallations have been condemned and removed whereas ay 
appreciation of the effects of concentration gradient and 
equilibrium lag by either party might have meant a satis. 
fied User. 


vy 
& 


B—GASEOUS REAGENTS 


The effect of temperature on gaseous reagents usua!ly 
is to increase reactivity but it may also decrease solubility 
of the gas and special “gassing” devices are sometimes 
quired to minimize short-circuiting in the reactor and loss 
of good reagent up the stack. Pressure also affects reac. 


. 





| . 
< 
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PIPELINE GASSER_ 






< 





— 


Fig. 93. Pipeline gasser for pH control using gaseous reagent. 


process unit 





tivity of gaseous reagents and may require regulation if th 
process is operated at pressures different from atmospheric. 

Gaseous reagents commonly used in pH control are acid 
or basic anhydrides such as sulphur dioxide, carbon dioxide, 
chlorine and anhydrous ammonia, although others may be¢ 
used for special problems. Frequently, the source of carbon 
dioxide is boiler flue-gas containing approximately 12 per- 
cent active gas, while other applications may require puré 
gas usually obtained from cylinders or dry-ice gas genera- 
tors. Sulphur dioxide is usually obtained more economicall) 


from sulphur burners, although it too may be used in bot- 
tled form for small-scale pilot operations. Concentration of 
gaseous reagents affects their reactivity similarly to liquid 
reagents and they are sometimes diluted with an inert gas 
(air or nitrogen) to prevent “ovev-control.” 

The problem of injecting gaseous reagents most effec- 
tively to minimize short-circuiting and localized over- 
treatment is best exemplified by applications in the beet 
sugar industry. It has been pointed out above with refer- 
ence to Fig. 70 that lesses due to localized burning and in- 
version of sugar and attending losses of gas up the stack 
are large compared to the low-residence process of Fig. 71. 
The reason for this is the manner in which the gas contacts 
descending juices and short-circuits and channels through 
packing of the high residence chamber. This condition has 
been improved by flash gassing in a small-residence “gas- 
ser” followed by a high residence equalizer (Fig. 71.) Sugar 
yields are higher and sulphur losses lower in the latter 
process. 

Still further improvements have resulted by “gassing” 
in a pipe line diffuser (Fig. 93) which distributes the re- 
agent more uniformly over a small cross-sectional area of 
influent liquor and minimizes localized over-treatment. How- 
ever, limitations of this technique prevent its widespread use 
in all gassing problems where precipitation occurs, as fo! 
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CANNON 
PLUGS 


UA SERIES 


(Ultimate Audio Connectors) 
THREE 15-AMP. CONTACTS 


.. standard components | Latest development in the connector 
phase of audio engineering is the new 
series of microphone and sound cir- 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
33 years of building elec- | cuit connectors designed and built by 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


on fine electrical and elec- 
tronic equipment. After 


tricalspecialties,Cannon | Cannon Electric to RMA Committee 
requirements and standards. Briefly, 
following features should be noted: 
1) Safety latchlock (2) Shockproof 
3) FULL-Floating Socket Contacts 
4) Splashproof (5) Steel plug shells 
(6) Rubber sleeve for cable relief (7) 
Grounding Contact (8) Gold plated 


15-amp. contacts for low loss. 


Electric continues to pio- 
neernewand bettertypes 
of connectors, maintain- 
ing its reputation for 
progress and develop- 
ment. In the 13 major 
type series of connectors 
will be found most of the 
requirements for quick 
Write to Cannon Electric Development Com- 
pany, Division of Cannon Manufacturing Cor- 
poration, 3209 Humboldt Street, Los Angeles 

31, California or contact one of the 28 Cannon 
representatives located in principal U.S. A. 
cities. Canadian plant and offices, Toronto, 

i Ont. Export: Frazar & Hansen, San Francisco. 


disconnection of electri- 
cal circuits. For a survey 
of the general line, write 
for Condensed Catalog. 


SIMCE 1915 







GANNON ALEGYRIG 


CANNON 
ELECTRIC 


#6. 0.5. PAT. OFF. 





In use by leading plants 
everywhere, the Dillon port- 
able tester is truly Universal. 
Tests in COMPRESSION.- 
TENSILE - TRANSVERSE 
or SHEAR, and is amazingly 
simple to operate! Has self- 
aligning grips, maximum 
hand, 7 different gauges— 
all interchangeable! Capac- 
ities from 250 up to 10,000 
lbs. May be motorized or | 
hand operated. 




























For that post-war lab— 
be sure yours is a preci- 
sion Dillon Tester. Low in 
cost, it is made for a life- 
time of fine service! Write 
today for 8-page folder 
in color. 


DIL : 
TESTER \f 


W. C. DILLON & CO., inc. 


5410-G WEST HARRISON ST. 
HICAGO 44, ILLINOIS, U. S. A. 











_ ANNIN DOMOTOR VALVES 


COMPLETE 29,354,400 
TEST CYCLES 
OF EFFICIENT OPERATION 







AiResearch Manufacturing Company 


The service record of 40 single-seated Annin 
Domotor Valves installed at AiResearch 
Manufacturing Company, well illustrates the 
efficiency and dependability of these valves 
under severe operating conditions 


Installed July, 1948, in a turbine test station to 
carry air at 100 psi and 1000° F., these valves 
have to date completed approximately 

29,354,400 test cycles of continuous, trouble-free 
operation. Since their installation, none of the 
valves have required major overhaul. They 

were serviced while in the line an exclusive 
feature provided by the separable valve body 
construction of Annin Domotor Valves 


The history of these valves is typical of 

Annin Domotor Valve installations all over the 
country. They all tell the same story of 
Annin Domotor Valve maintenance economy, 


positive control and long, dependable service 


Writ ins tee thts Kallas 
rite today for this buitetin 

j I} p » ch aC gerehes 
A new bulletin showings 


of the Domotor Valve will l 





ia up - feduest 
THE ANNIN COMPANY 
3500 Union Pacific Avenue 
Los Angeles 23, California 
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A SINGLE UNIT DOES 


TWO 





IRPAK 






BIG JOBS! 


AIR SUPPLY FOR 
- REGULATES | INSTRUMENTS AND 
- FILTERS | OTHER SERVICE 


Here’s a‘'small package’ replacement for bulky, hard to 


mount airsets...providing precise REGULATION in ranges 
0-25 or 0-60 psi, for inlet pressures up to 150 psi_ with 

















ability to filter out particles down to 40 microns! 





Investigate ConoAirpak for all in- 





stallations requiring more efficiency 





... dess space, installation time, main- 






tenance and initial cost. Forged brass 





and stainless steel construction for 






corrosion resistance — simplified 










mounting—large capacity reducing valve with safety re- 
lief. Available in a variety of ranges, filter areas, and 
drip-well capacities. 


WRITE TODAY FOR BULLETIN FH-15 


CONOFLOW CORPORATION 
2100 Arch St., Phila. 3, Pa. 













BALDWIN 
SR-4* 


STRAIN 



































U. S. Pat. Of. 





*T M. Reg 





TAKES THE 


STRESS ANALYSIS 
AND PRODUCT TESTING 


Available in a range of gage lengths 
from 6" to 6”, SR-4 Strain Gages 
have revolutionized the art of stress 
analysis, thereby greatly expanding its 
field of usefulness in making structures 
stronger by making them /ighter. Easily 
applied, low unit cost. Ask for Bulletin 279 

SIMPLE—ACCURATE—USED THE WORLD OVER 
THE BALDWIN LOCOMOTIVE WORKS, 
Philadelphia 42, Pa., U.S. A. Offices: Philadelphia, 
New York, Boston, Houston, St. Louis, Chicago, 
Cleveland, Detroit, San Francisco, Seattle, 
Washington, Pittsburgh. 


BALDWIN 
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example pre-gassing of sugar-beet extracts with ca) 
oxide to remove calcium which may form an inc) 
over pores of the diffuser. 


In most applications of gaseous reagent control, p 
drop across the control valve is restricted to the rang: 
50 psi. and the valve is short-connected to the proc« 


with piping arrangement and check valves to prev re- 


verse liquor flow. Pressure regulators are installed a] 
the control valve and sometimes a surge chamber 

after the regulator to equalize pressure during th: 
action of the control valve. If the gas supply pres 
high, it is customary practice to install a pressur: 


valve after the pressure regulator to avoid emergency dan 


ages. In many cases, it is necessary to avoid moisturs 
agent gases to prevent corrosion and gumming or st 
of the valves and regulator. 
C—So.Lip REAGENTS 

Before pH changes can result from the addition o 
reagent, it must first dissolve; and, invariably, this t 
reagent introduces equilibrium lag and sometimes oce 
If the reagent is composed of active material with 






Fig. 94. Preferred mode 








controller used indirectly 
reset regulator. 


summanzag 


dry chemcal feeder 
relay a 








flow controller 
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duces equilibrium lag which usually requires long time s¢ 
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applying pH control to processes 
using dry chemical feed: pH 
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inert matter, it is particularily troublesome in low acidity 
solutions near the neutral range. Sometimes burnt limestone 
is slaked and used as a slurry for neutralization in water 
treatment and sewage disposal operations. In such cases 
the unburned carbonate occludes process liquors and intro- 


tling to reach equilibrium. In one such case, it was not only 


impossible to obtain a good control record but the concentra- 


tion of inert solids was so high it etched the glass electrod 


irreparably in less than two weeks’ time. High acidity neu- 
tralization jobs are usually less troublesome in this regard 


since carbonate is also attacked by the strong acids. 


The use of dry reagents is most commonplace in water- 


treatment and sewage-disposal plants where large-quantit) 


consumption demands the more economical handling and 
storage facilities of solid reagents. Whether benefit derives 
from the application of pH controllers directly to feed reg- 


ulation of dry chemical is questionable, and may be wi 

contingent on conditions of the process. Customary pract 
is to feed dry chemical as a function of flow of proc 
water and it seems that wherever pH control is of im} 
tance, it could best be appliec indirectly as a reset dev 
cascaded with standard flow-ratio reagent feed (Fig. 94) 
keeping with preferred practice. The important featur 
this method is the time factor after reagent addition w! 
permits equilibrium lag to stabilize. 


CONCLUSION 


Many pH control applications have become standard 
to the point of catalog items while others introduce spe 
features characteristic of their individuality. Problems 
one application may be wholly physical while others n 
have chemical limitations and only by rigid separation a 
classification of all factors involved in a pH process, 
gether with an understanding of their characteristics, ¢ 
the process be most effectively instrumented. 
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THERMOCOUPLE 
EXTENSION 
LEAD WIRE: 


There are two good reasons why we stress 
Gordon Quality and Gordon Service. (1) 
The precision quality of Gordon Thermocou- 
ple Extension Lead Wire is based upon 32 
years of experience in careful selection and 
inspection to meet rigid insulation require- 
ments. (2) Gordon's Chicago and Cleve- 
land plants carry complete stocks of Ther- 
mocouple Extension Lead Wire for practi- 
cally every application. (See illustrations 
below.) This means that your order gets im- 
mediate delivery of a QUALITY product— 
one that meets Bureau of Standards Specifi- 
cations. ORDER NOW! No waiting or de- 
lay. Prices available upon request. 


See = ee 
See ee RI 


CHROMEL-ALUMEL, Cat. No.1231(3-A),14 ga., STRANDED- 
DUPLEX, each wire felted asbestos, Asbestos-yarn braid 


SSN, (Es 
FOR PLATINUM THERMOCOUPLES, Cat. No. 1225, 16 ga., 
STRANDED-DUPLEX, each wire felted asbestos, Asbestos- 
yarn braid overall 


SOLID-DU 


Asbestos-yarn 


14 go 
felted asbestos 


CHROMEL-ALUMEL, Cot 
PLEX, each wire enamel 
broid overall 


36-C, 14 ga., STRAND- 
Asbestos-yarn 


IRON-CONSTANTAN, Cat. No. 12 
ED-DUPLEX, each wire felted asbestos, 
braid overall 





35-A, 14 ga., SOLID 
weatherproof braid, 


COPPER-CONSTANTAN, Cat. No. 12 
DUPLEX, each wire cotton, rubber, 
lead sheoth overall 


GOO 4S 4E DON. 





‘GOR DON - 
$4 SERVICE’: = 


CLAUD S. GORDON CO. 


Specialists for 32 Yeors in the Heat Treating and 
Temperature Control Field 

Dept. 21 @ 3000 S. Wallace St., Chicago 16, Ili 

Dept. 2! @ 2035 Hamilton Ave., Cleveland 14,0. 
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Instrume nts 


In this department we report new literature pertaining to Instrumentation, received 
manufacturers. We urge readers to request ONLY those bulletins which will be of valu: 


Use the Postage-free Order Card on Page 207. 





8-67 ELECTRONIC HARDWARE. 4-page 
bulletin lists maker’s standardized electronic 
hardware; gives capacities, sizes, prices.—U. 8S. 
Engineering Co., 521 Commercial St., Glendale 
3, Calif. 

8-68 CIRCUIT PANEL. 4-page bulletin 
describes and illustrates maker's “Model 104” 
circuit panel and charts for experimental elec- 
tronics, instruction and research; also maker's 
multiple power supply for use with circuit 
panel.—Kepco Laboratories, Inc., 149-14 4Ist 
Ave., Flushing, L. I., N. Y. 

S-69 VOLTAGE-REGULATED POWER 
SUPPLY. 2-page bulletin illustrates and des- 
cribes maker's “Model 245" voltage-regulated 
power supply for industrial and research use; 
lists specifications; gives operating ranges.— 
Kepco Laboratories, Inc., 149-14 4Ist Ave., 
Flushing, L. L., N. Y. 

8-70 MULTIPLE POWER 
bulletin describes and illustrates 
tiple power supply; covers features, specifica- 
tions, principles of operation.—Kepco Labora- 
tories, Inc., 149-14 4ist Ave., Flushing, L. L, 
me Ws 

8-71 “THE OSCILLOGRAPHER.” 20-page 
Vol. II, No. 4 issue of this house organ features 
articles on maker's “Types 304-H, 304” cathode- 
ray oscilloscopes and maker's illuminated data 
ecard for use with “Type 27-A” oscillograph- 
record camera.—Instrument Div., Allen B. Du 
Mont Labs., Inc., 1000 Main Ave., Clifton, N. J. 

8-72 FLUID PRESSURE CELL. 2-page Bul- 
letin 306 (supersedes Bulletin 270) illustrates 
and describes maker's “SR-4" fluid pressure 
cell; includes wiring diagram, cross-sectional 
sketches, complete specifications.—Testing Equip- 
ment Dep't, The Baldwin Locomotive Works, 
Philadelphia 42, Pa. 

8-73 LOAD CELL. 


SUPPLY. 2-page 
maker's mul- 


2-page Bulletin 307 des- 
cribes and illustrates maker's “Type C, SR-4" 
load cell; lists advantages, uses; gives complete 
specifications, cut-away drawing.—Testing Equip- 
ment Dep't, The Baldwin Locomotive Works, 
Philadelphia 42, Pa. 

S-74 CALIPER. 2-page bulletin describes and 
illustrates “‘Mauser Vernier” precision caliper 
for measuring outside, inside and depth; lists 
features, improvements.—George Scherr Co., 
Inc., 200 Lafayette St., New York 12, N. Y. 

8-75 INSTRUMENT TRANSFORMERS. 12- 
page Bulletin B-4319 illustrates and describes 
maker's complete line of instrument transform- 
ers; discusses construction, features.—Westing- 
house Electric Corp., P. O. Box 2099, Pittsburgh 
30, Pa. 

S-76 
pictures 


INTERVAL TIMERS. 2-page bulletin 
and describes maker’s “Models 179, 
180 GraLab” double-range interval timers; 
gives features, dimensions, range.—Dimco-Gray 
Co., 207 E. Sixth St., Dayton 2, Ohio. 

S-77 LIQUID SHOCK ABSORBERS. 2-page 
bulletin illustrates and describes maker's “‘Hey- 
den” liquid shock absorbers and exce*s pressure 
eliminators; lists features, uses, dimensions, 
prices.—R-S Products Corp., 4530 Germantown 
Ave., Philadelphia 44, Pa. 

S-78 INSULATION TESTERS. 8-page Bulle- 
tin 21-46 describes and illustrates maker's 
“Megger”™ rectifier and dual-operated insulation 
testers; covers applications, features, weights 
and dimensions; gives facsimile scales, specifi- 
cations.—James G. Biddle Co., 1316 Arch St., 
Philadelphia 7, Pa. 

S-79 TELEMETERING 
SYSTEMS. 4-page bulletin 
cribes maker's “‘Metrotype”’ 


AND RECORDING 
illustrates and des- 
systems for measur- 


ing and recording in numerical tabula 
items on production, quality of process 
uct; gives applications, advantages, 
tions.—Metrotype Corp., 525 W. 76th St 
20, Til. 

8-80 SMALL SILVER-TYPE = STORAG} 
BATTERIES. 4-page bulletin describes and 
illustrates maker’s “Silvercel” storage batteries 
lists models, advantages; gives compayatiys 
curves.—Yardney Electric Corp., 105-107 Cham. 
bers St.. New York 7, N. Y. 

S-81 SYNCHRONOUS CAMERA. 2-page bul. 
letin pictures and describes maker's “Mode! [Ij 
16-mm. synchronous camera; lists 
specifications.—F light Research Engineering 
Corp., P. O. Box 1-F, Richmond, Va. 

8-82 AUTOMATIC RECORDING COUNTER 
4-page bulletin illustrates and describes maker: 
“Model PVR” printing stroke counter: 
features, specifications, operation and 
form data.—Durant Mfg. Co., 1997 N. 
St., Milwaukee 1, Wis. 

8-83 AIRCRAFT INSTRUMENT CATALOG 
188-page cloth-bound catalog, priced at 
illustrates and describes maker’s aircraft instrv- 
ments (accelerometers, airspeed indicators, alti. 
tude instruments, direction indicaters, pressure 
gages, tachometers, synchroscopes, etc.) ; 
application, operation and performance charac 
teristics, installation instructions, principles of 


ed form 
‘T prod. 
Decifica. 
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printing 
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High Precision Optica. Compo. 
NENTS Any Size For 
Astronomical and Physical 
Research 
. 

Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
o 
Piane Parallel PLATES 
e 
SCHLIEREN SYSTEMS 
* 

Interferometer PLATES 
. 

LeNsEs and Prisms of Glass 
. 

Natural or Synthetic Crysta.s 
. 

Complete Optical and Mechanical 
INSTRUMENTS 
e 

Made to Specifications 
* 
High Vacuum Coating 
a 


John Unertl Optical Co. 


3551-3555 East Street 


Pittsburgh 14, Penna. 























Development and 
Application Engineer 


Experienced in designing, build- 
ing, and field application of spe- 
ized electrical and mechani- 
cal instruments and test equip- 
ment. Opportunity to introduce, 


























develop and apply new test 
ved from the equipment in utilities, indus- 
alue to them trials and railroads. Well-estab- 
lished, medium-size company. 
"55am Location East. Box 174, Instru- 
bulated form ments Publishing Co., 921 Ridge 
C€SS oF prod. Avenue, Pittsburgh 12, Penna. 
eS, specifics. 
1 St., ¢ hicag 
STORAG} 
scribes ang peration; gives ordering information, type list- 
ge batteries ings; features sturdy binding and vari-colored 
compatatiye Dindex tabs and pages.—Kollsman Instrument 
5-107 Cham. MEE Div.. Square D Co., 80-08 45th Ave., Elmhurst, 
BN. Y. 
. 2-page bul. [EN S-84 “WACO CATALYST.” 32-page Vol. 
**Model II] P VI issue of this catalog illustrates and des- 


Scribes various maker's laboratory supplies (bal- 
Pances, controller pyrometer, pH meters, voltage 


ts features 
Engineering 


a. q regulators, spectrophotometers, titration as- 
COUNTER \ sembly, and other chemical laboratory supplies) ; 
ibes maker, Meelists features, dimensions, prices.—Wilkens- 
anter: give SP Anderson Co., 4525 W. Division St., Chicago 
ind printing Bil, Hil. 
N. Buffum S$-85 MINIATURE BALL BEARINGS. 8- 
Ppage Catalog 49 illustrations and describes 
CATALOG \ maker's miniature ball bearings ranging from 
dat $5.00 60.1250 to 0.3750 in. outside diameter; gives 
craft instru. Sfeatures, typical applications; covers design 
icators, alti. ' factors, variations.—Miniature Precision Bear- 
rs, pressure F ings, Inc., Keene, New Hampshire. 
te.) ; covers TR) gg ELECTRICAL INDICATING INSTRU- 
nce charac ee P 
rinciples of fe MENTS. 12-page booklet describes and_ illus- 
Ptrates problem, solution, and final result of 


maker's “ruggedization” developments for elec- 


—_____., 
p trical indicating instruments.—Marion Electrical 
n ) Instrument Co., Manchester, N. H. 
Compo-| & . Fe Pips ae _— 
887 HEAVY-DUTY MECHANICAL 
Yr > COUNTERS. 6-page Bulletin No. 3149 describes 
sical - and illustrates maker’s complete line of heavy- 
-duty mechanical counters (standard tripped, 
motor driven, ticket printing, automatic stopping 
Sand explosion proof units).—Richardson Scale 
. eo. Clifton, N. J. 
»soidal 4 
A F S-88 “SPECTROGRAPHER'’S NEWS LET- 
. TER.” 4-page Vol. III, No. 3 issue of this 
house organ features articles titled ‘“Produc- 
si tion Control Quantometer,” and “Why Selected 
‘S Tubes at Extra Cost.”"—Applied Research Labs., 
4336 San Fernando Rd., Glendale 4, Calif. 
5 8-89 “USES UNLIMITED.” 2-page Vol. 6, 
No. 1 issue of this house organ contains items 
Fon maker's new  hermetically-sealed switch, 
“c / rotary-actuated switch, line-voltage pendant 
* ) switch, ete.—Micro Switch, Freeport, II. 
x 8-90 MERCURY THERMAL SYSTEM. 2- 
slass page bulletin describes and illustrates maker's 
1200 F. mercury thermal system for use on 
maker's standard indicating, recording or con- 
STALS trolling instruments; gives features, applica- 
© tions, ranges.—Taylor Instrument Cos., 95 Ames 
fm St.. Rochester 1, N. Y. 
lanical p %S-91 SPECTROGRAPHIC OUTFITS. 12- 
page Catalog H-1 illustrates and describes Hil- 
ger & Watts, Ltd. prism spectrographs; dis- 
Scusses process of spectrochemical analysis; 
8 covers complete technical data for each type; 
| lis dvantages; also covers accessories and 
sour units.—Jarrell-Ash Co., 165 Newbury 
St., Boston 16, Mass. 
y 
=) 8 RECORDING THERMOMETER. 4-page 
bulletin deseribes and _ illustrates maker's 
8 20” refrigerated-truck recording  ther- 
IC mom ter; covers features, advantages.—Taylor 
JU, Ins nents Cos., 95 Ames St., Rochester 1, 
| +N 
‘THE OHMITE NEWS.” 2-page Dec. 
| ‘ ie of this house organ contains articles 
| or iker’s industrial resistor assortments, 








MODEL 406 


RECORDING OSCILLOGRAPH 
FOR 


VIBRATION — TEMPERATURE 
STRESS — STRAIN ANALYSIS 


where any or all of the above information is an important factor. 


FEATURES 


12--50 individual channel recording. 





N 


Continuous recording up to 200’ without jamming 


. Instantaneous changes of recording speeds up to 50” per second with automatic 

adjustment of lamp intensity. 

4. Timing System — Discharge lamp controlled by temperature compensated tuning 
fork providing sharp .01 second with heavier .1 second timing lines. Conversion 
to .1 second lines only, by switching. 


5. Independent optical system provides constant view of traces vith optimum light 
intensity at all times. 


6. Recording lamp under constant surveillance of external condition indicator lamps. 
7. Galvanometers — with optional range of frequencies and sensitivities. 
8. Electrical — Available for operation from option of 12 or 24 volts D.C., or 110 
volts A.C, 
OPTIONAL FEATURES 
1. Trace identification by means of light interruption. 
2. Trace scanning for observation of steady state phenomena, 
3. Remote control unit. 
4. Automatic record numbering system. 
5. Automatic record length control. 
6. Visual paper footage indicator. 


For additional information write 


GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


EXPORT: 
149 Broadway, New York 


216 No. 12th Street 


Philadelphia 7, Pa. 
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Jergeuson 
Water Column 
with 7-HP 
Gage and A-37 
Drain Valve. 
Available 
complete, of 

individual 
units, 


svepvyeyery 


WATER 
COLUMNS 


Give Positive 
Alarm Signals 


Keen Knife-Edge Balance 
Holds Key To Outstanding 


Jerguson Performance 


7 OU'RE sure of positive boiler 
alarms with JERGUSON 
WATER COLUMNS .. . because 
keen knife-edge balance assures im- 
mediate action. 
Positive action is necessary when 
boiler water level falls too low or 
rises too high in your boiler. Jergu- 
son's camshaft arrangement exerts 
sufhcient force to give the power to 
assure action under all conditions. 
The warning whistle blows s:me- 
diately when the limit is reached in 
either direction. 
The alarm mechanism on JERGU- 
SON WATER COLUMNS is stain- 
less steel throughout. Valve stem, 
cam, and knife edges are carefully 


hardened. A complete range of 


pressures and sizes, with screwed. 
Hanged, or welding connections 
There's a dependable JERGUSON 
WATER COLUMN to fit your re- 
quirements. 


Write . 


ifhout 
DATA UNI1 


( umr 


Gages and Va for 

Observation of Liquids and Le 
JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 


Representatives in Major Cities 
Phone Listed Under JERGUSON 
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multivolt resistors, and others.—Ohmite Mfg. 
Co., 4835-41 Flournoy St., Chicago 44, Ill. 

8-94 CHEMICAL FEEDER. 19-page (8% by 
11 one side) release describes maker's dual- 
syringe feeder to provide smooth non-pulsating 
fiow of liquid at constant rates; includes illus- 
trations, capacity sheets; discusses operation, 
construction.—Modern Metalcraft, 1075 N. East- 
man Rd., Midland, Mich. 

8-95 PRESSURE TRANSDUCERS. 4-page 
“temporary catalog’ describes maker’s pressure 
transducers; covers model numbers, ranges, and 
resistances on absolute pressure, differential and 
gage pressure, gage pressure, and differential 
pressure transducers.—Statham Labs., 9328 
Santa Monica Blvd., Beverly Hills, Calif. 

8-96 SURFACE ROUGHNESS MEASURE- 
MENT. 4-page bulletin describes and illustrates 
maker’s “Profilometer” for shop measurement 
of surface roughness; discusses features, opera- 
tion, application.—Physicists Research Co., 321 
S. Main St., Ann Arbor, Mich. 

8-97 AUDIO CONNECTORS. 2-page Bulle- 
tin UA-1 illustrates and describes maker's “UA” 
serfes of audio connectors for low level sound 
and other electrical circuits; covers features, 
advantages; contains schematic drawings of 
each model.—Cannon Electrical Development Co., 
3209 Humboldt St., Los Angeles 31, Calif. 

8-98 ELECTRONIC-TYPE INSTRUMENTS. 
12-page Bulletin 231-A describes and illustrates 
maker’s electronic-type instruments for tempera- 
ture, pressure, flow and other factors; lists 
features; contains measuring circuits.—Bailey 
Meter Co., 1050 Ivanhoe Rd., Cleveland 10, 
Ohio. 3 

8-99 OVEN PYROMETER, THERMOME- 
TER. 2-page bulletin illustrates and describes 
maker's “Model 1654-A” oven thermometer, 
oven pyrometer, and double-range _ milli-volt- 
meter; lists advantages, specifications.—As- 
sembly Products, Inc., Chagrin Falls, Ohio. 

S-100 PROCESS CONTROLLERS. 8-page 
Bulletin 17-A describes and illustrates maker's 
controllers and recorders for process industries; 
covers control components, typical systems, multi- 
element systems, measuring components, instru- 
ment combinations.—Bailey Meter Co., 1050 
Ivanhoe Rd., Cleveland 10, Ohio. 

8-101 DIAPHRAGM SEAL FILE FOLDER. 
Labeled folder contains 2-page bulletin and 15 
data sheets on maker's “‘Types A-J”’ diaphragm 
seals; gives complete specifications, dimensions, 
and drawings of each; discusses operation, 
method of figuring price.—Mansfield & Green, 
1051 Power Ave., Cleveland 14, Ohio. 

S-102 INDUSTRIAL COUNTERS. 2-page 
bulletin illustrates and describes maker’s print- 
ing, stroke, lineal, rotary, pick, and photoelectric 
counters; discusses features; depicts applica- 
tions.—Durant Mfg. Co., 1990 N. Buffum St., 
Milwaukee 1, Wis. 

S-103 AUDIO SWEEP GENERATOR. 2-page 
Bulletin 24-A illustrates and describes maker's 
“Model 282-A Audiomatic” automatic audio sweep 
generator; discusses features, operation; gives 
complete technical data.—The Clough Brengle 
Co., 6014 Broadway, Chicago, Ill. 

S-104 “THE BODINE MOTORGRAM.” 4- 
page Vol. 30, No. 1 issue of this house organ 
contains articles on use of maker's motors in an 
award-winning temperature recorder, and article 
titled “Selection and Handling of Series Wound 
Motor Parts’; also contains column of mem- 
orable sayings, and editorial titled “‘What Price 
Security.""—Bodine Electric Co., 2250 W. Ohio 
St., Chicago 12, Ill. 

$-105 INSIDE MICROMETER. 4-page cir- 
cular illustrates and describes maker's ““Remoto- 
mike” electrical remote indicating or recording 
inside micrometer to check diameters, out-of- 
roundness, and to locate high or low spots in a 
tube or cylinder inside wall; covers features, 
principle of operation, technique, transmitter 
ranges.—Poole Instruments, 1705 N. Field St., 
Dallas, Texas. 

S-106 “TRACERLOG.” 12-page No. 23 issue 
of this house organ features article on maker's 
“SU-7" ore detector; also article titled “‘Pros- 
pecting for Radioactive Ores” (contains Atomic 
Enerry Commission regulations).—Tracerlab 
Inc., 130 High St., Boston 10, Mass. 

S-107 FURNACE PRESSURE CONTROL- 
LERS. 12-page Catalog ND69-01-600 (1) (re- 
placing N-01A-600) illustrates and _. describes 
maker's furnace pressure control devices for 





POSITIONS OP=N 


For 


SENIOR 
RESEARCH 
ENGINEERS 


And 
PHYSICISTS 


Established Electronic and Control 
Laboratory in the Los Angeles, Cali- 
fornia area, offers exceptional op- 
portunities for Senior Engineers and 
Physicists having outstanding aca- 
demic background and experience 
in the fields of: 


Microwave Techniques 
Moving Target Indication 
Servomechanisms 
Applied Physics 
Gyroscopic Equipment 
Optical Equipment 
Computers 

Pulse Techniques 

Radar 

Fire Control 

Circuit Analysis 
Autopilot Design 
Applied Mathematics 
Electronic Subminiaturi- 
zation. 

Instrument Design 
Automatic Production 
Equipment 

Test Equipment 
Electronic Design 

Flight Test Instrumenta- 
tion 


Salaries commensurate with ability, 
experience and background. Work- 
ing conditions and opportunities for 
advancement are excellent. Send in- 
formation as to age, education, ex- 


perience and work preference to: 


NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 
Box No. R 3 
12214 South Lakewood Blvd. 


Downey, California 





